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PREFACE TO FOURTH EDITION. 


Developments in the application of water to power, irrigation, and 
other engineering works during the last decade have been accompanied 
by such progress in the development of methods for collecting and 
using data concerning the flow of streams that the art of river-discharge 
measurement has attained a recognized position as a branch of hydraul- 
ics. The subject is now included in the x*egular courses of engineering 
schools and is admittedly essential to the work of the practicing 
engineer. 

The first edition of River Discharge correlated the methods of collect- 
ing, analyzing, and using stream-flow records as developed at that time; 
the second and third editions were revised and expanded to include 
progress in the art; this new edition ha 
contain the latest information on the subject. 

The present revision has been practically limited to ( 
tlie last part of Chapter V, which have been largely rewritten. 
Chapter VI, formerly entitled “Conditions affecting stream flow,’’ has 
been expanded in scope to cover the field of hydrology as related to 
stream flow and the title changed accordingly. 

The book has been prepared for the use of both student and engineer . 
Clearness and conciseness liave been sought, and lengthy theoretical and 
inatliematical discussions have been avoided. 

J. C. H. 

N.C. G. 

WASHIN(iTON, 1). C., 

1916 , 


in 




PREFACE TO FIRST EDITION, 


With the rapid increase in the development of the water resources of 
the United States there has arisen among capitalists and engineers 
throughout the country a great demand for information in regard to the 
flow of streams. Although much has been written on the methods of 
measuring stream flow and the interpretation of the data, such infor- 
mation is widely scattered through periodicals and Government reports, 
many of which are out of print and therefore not easily accessible for use 
by either the student or the engineer. The short descriptions of stream 
gaging in text-books are indefinite in character, stating only general 
methods and giving but little information in regard to the details of 
field work or the conditions requisite for reliable records of river dis- 
charge. 

Experience with the graduates of many of the best engineering schools 
in the country indicates that these men have generally had but little 
instruction in hydraulic field work or methods, and are practically help- 
less in attempting to carry on even the simplest hydroloeic inve.qtio-jvf.inTi 
Correspondence with engineers in all sections o 

they are not getting the maximum benefit from the available strear 
gaging data, apparently on account of lack of understanding of the 
records. 

In the preparation of this book there has been brought together from 
all available sources information in regard to the best practice in this 
work. Much new matter is also presented, especially the de.scriptions 
of the conditions necessary for good gaging stations at which measure- 
ments of discharge may be made either by weir, current meters, floats, 
or slope; the routine of the selection, establishment, and maintenance of 
gaging stations; the details of the field work of discharge measurements, 
and the office methods of computing the regimen of flow. 

The authore hope and believe that the information here presented will 
be valuable both to the student and the engineer. 

Acknowledgments are here made to the United States Geological 
Survey, the United States Weatlier Bureau, and the American So(^i(‘ty 
of Civil Engineers, for use of cuts and other material; also to Messrs. 
J. C. Stevens, R. H. Ik)Istor, G. M. Wood, F. W. Hanna, and E. C. Murpliy 
for assistance and suggestions, 

John C. Hoyt. 

Nathan C. Grover. 


Washington, D. C., May, 1907. 
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RIVER DISCHARGE. 


By John C. Hoyt and Nathan C. Gkoveb 

CHAPTER I. 

INTRODUCTION. 

HISTORICAL SKETCH. 

Practical acquaintance with and useful application of the general 
laws of flowing water date from the first century. In A. D. 98 Rome 
was supplied with water by nine aqueducts having an aggregate length 
of 250 miles and discharging 27,000,000 cubic feet a day. Yet hydrau- 
lics was not regarded as a science until about the fourteenth 
and there was little advancement until the seventeenth century, wxieii, 
owing to the influence of Galileo, more rapid progress was made. The 
principal investigations during the seventeenth and the first half of 
the eighteenth century were made by Castelli (1628), Torricelli (1643), 
Guglielmini (1700), Pitot (1730), and Bernouilli (1738), and the work 
done was mainly theoretical. 

Active experimental hydraulic investigations were begun by Pro- 
fessor Michelotti in 1764, and from this time the modern school of 
hydraulics dates. Writings and investigations made prior to 1764 
are now of comparatively little importance to the practicing engineer. ^ 

In 1775 M. Chezy, the celebrated French engineer, developed the 
formula now known by his name, V = c\ Rs, in which V ~ velocity and 
r rxz a coefficient combining the effects of roughness of the bed and all 
other conditions affecting velocity except the slope (s) and hydraulic 
radius (R), which equals the area of the cross-section of water divided 
by the wetted perimeter. This was the first algebraic expression of the 
law of moving water and has served as the basis of all subsequent slope 
formulas. 

"A detailed review of early hydraulic studies is given in “ Physics and Hydraulics of the Miasis- 
aippi,” by Humphreys and Abbot. 
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In the United States attention was first given to the flow of water 
in open channels between 1840 and 1850, in work on the Mississippi 
River and its tributaries. In 1850 Humphreys and Abbot started their 
extensive investigations on that river, and in about the same year 
Charles Ellet used gage heights and a rating curve based on discharge 
measurements to determine the daily discharge of Ohio River at 
Wheeling.^ In 1855 Francis published the results of his investigations 
made at Lowell, Mass., in which he developed his formula for flow over 
weirs. In 1870 Ellis, in his work on the Connecticut River, added 
much valuable data. It was not until 1888, when the United States 
Geological Survey began to collect data in regard to the water supply of 
the country at large, that the general applicability of hydraulic laws was 
investigated and methods were developed for determining the regimen 
or the distribution of flow. 

In starting the hydrographic work of the Survey, Major J. W. Powell, 
then Director, stated:^ 

It will be necessary to gage a certain number of representative streams at all 
seasons of the year, so as to ascertain their total discharge and its seasonal distri- 
bution. and also to gage a greater number of streams at certain seasons determined 
1 . 

ing with this object, the Survey developed methods for um‘- 
veio£tJi stream gaging and collected data in regard to the flow of streams 
in all sections of the United States, which are now extensively used by 
engineers in enterprises involving the use of water. In all this work 
the Survey has contended that, inasmuch as the flow of a stream is 
constantly changing, systematic records showing the distribution of flow 
over several consecutive years are more valuable for nearly all uses than 
many broken records covering short periods of time. 

SCOPE OF DISCUSSION. 

The hydraulic engineer is interested in water from the time it reaches 
the earth in the form of rain or snow until it returns again to the atmos- 
phere in the form of an invisible vapor. Of the water which falls upon 
the earth, a portion immediately returns to the atmosphere; a portion 
soaks into the earth, reappearing in vegetation or as surface water, or 
remaining below in small amount as permanent ground water; and 
another portion stays for a time on the surface of the earth, in streams, 
ponds, lakes, or oceans. A knowledge of the phenomena that pertain 
to these changes in conditions and of the physical and chemical prop- 

The Mississippi niid Ohio ri vui.-), iv.jjpe.iCon. (ii-aiiibo & Co., 1853. 

b Tenth Ann. Report. IJ. S. Geol. r-'w* p. 8. 
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erties of the water itself constitutes the science of hydrology. Every 
feature of this great science is of direct value in the economic devel- 
opment of the country, but probably none is of greater importance 
than a knowledge of the discharge of surface streams and of the con- 
ditions that affect its magnitude and variations — knowledge that is 
prerequisite for preliminary as well as final plans for the construction 
and successful operation of works utilizing the water in surface streams. 
Among the hydrologic data necessary either for the design or operation 
of such works records of daily discharge are the most important. Iso- 
lated observations of stage or discharge are of little value unless made 
at stages that are known to be extreme, and even then the record of the 
duration is equal in importance to that of the magnitude of the flow. 
This discussion of surface flow is arranged under the following heads : 

Instruments and equipment. 

Velocity-area stations. 

Weir stations. 

Discussion and use of data. 

Hydrology as related to stream flow. 


OUTLINE OF METHODS. 

The discharge of a stream is the quantity of water flowing past a 
given section in a unit of time and is expressed in various units, among 
wliich the second -foot is the most common. This term is an abbrevia- 
tion for cul)ic foot per second, which is equivalent to the quantity of 
water flowing in a stream 1 foot wide, 1 foot deep, at a velocity of 1 foot 
per second. The determination of the discharge is termed “ discharge 
iru^asurernent.” The discharge may be obtained as the product of two 
factors — (1) the area of cross-section, which depends on the shape and 
dimensions of the bed and banks and on the stage; (2) the velocity, 
wlvicJi dc[)cn(l.s on tlie surface slope, the roughness of the bed and banks, 
th(^ hydraulic radius, and the conditions along the channel of the stream. 
In g(ai(iral th(\se factors uve, controlled by the stage. Therefore the dis- 
(tiarge may he considcnHl as a fuiHtion of tlie stage. 

By means of this geii(n*al hiw it is |)ossible, from discharge nieasur(‘- 
mcnits covering tlie range of stng(‘, to construct a rating curve and table 
from which, the mean daily stage of the stream being known, the daily 
discharge can betaken. Points at which discharge measurements are 
made and records of the daily fluctuations of stage are kept for deter- 
mining the daily flow are termed “gaging stations.” These stations 
may he grouped in two classes, one comprising those where measure- 
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ments are made by the velocity -area method, which consists in measuring 
the velocity of the current and the area of the cross-section ; the other 
comprising those where measurements are made by the weir method, in 
which the discharge is obtained by measuring the head on a weir and 
using a weir formula. 

The selection of a gaging station, the equipment, and the method to 
be used in determining the discharge depend on many factors and are 
accomplished in various ways. Among the principal factors are the use 
for which the records are to be collected, the funds available, the period 
of time over which the observations are to be extended, and the condi- 
tions of the stream to be measured, as explained in the following piges. 



CHAPTER II. 

I 

INSTRUMENTS AND EQUIPMENT/ 


The establishment and maintenance of gaging stations for obtaining 
records of discharge of rivers and other hydrologic data require the use of 
certain instruments and equipment. These may consist of : 

1. Instruments for determining the velocity and other factors of the 
discharge measurement. 

2. Gages and bench marks for determining stage relative to a fixed 
datum. 

3. Structures from which discharge measurements are made and the 
appurtenances thereto. 

4. Structures to produce artificial control and regulate the relation 
between stage and discharge. 

5. Instruments for determining climatological data. 

INSTRUMENTS FOR DETERMINING VEIUCITY. 

Two principal typers of instruments are usckI for measuring the velocvity 
of flowing water- floats, which nu'asurc^ tlie velocity directly, and cur- 
r(‘nt m(‘tc‘rs, I)y whicli tln^ velocity is obtaiiunl indiro(H.ly from observa- 
tions of the nuinl)(‘r of n'volut.ions of th(i wIkh^I. Another instrunumt 
soin(‘t iiiK'S u.s(‘(l for iiK^Msiiring V(‘Iocity is the JMtot tul)e, l)ut it is not 
|)ra,(;t.i<‘ahle to iis(‘ tins t.ulx' for work discusscMl in this book. 

FI.OAIS. 

Floats are utiliz(‘(l fort lH‘ din'ot rn(*a,sur(‘m(‘nt of thevelocity of streams. 
Tlios(‘ in cniniiion u.s(‘ ar(^ surrar(‘, subsurfaci*, and tail>e or rod [loals. 

Surjui't' Jindl,';. A corkrd hot! 1(‘ wilh a flag in th(^ t()[) and a \v(‘igiit 
ill tfH‘ fniUoni iiiakos a \'(’ry saJ isfacloF-y siirra(‘<‘ float, a,s it is hut little 
anVcIed |»_y i\\i\ wind. In flood imaisurenuads good results can Im‘ 
ol)taiue<l by obseiw'ing IlHi velo<‘ii,y of debris or of floa,ting eak(‘s of ire. 
In all surfM{‘«‘-fioat nieasurt'ineuf s c()eirici(!nts must be used to re<luee 
obs(‘rv(‘d veloeit i(‘S to iiH'an V(‘lo(‘i(y. 

Su.hsurfrirt' JIfHft:'^. T}i( 0 ‘^ul)Hurfa(‘e iloaf, (k'iK- 1) isd('siyn(Ml to ui(‘a,sur<* 
veloeit irs below the surfaceand may be made to lloat. atauy de|)ih. by 


S»Mi WaV'r-SuDply eapt*r No.IJTl, r. S. (irol. Survey. 
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arranging the submerged float at the depth of mean Telocity it may be 
utilized in observing mean velocity directly. AIlowaiu*e miiHt be madi% 
however, for the accelerating effect of the attaclunl line and surfacte float. 

Tube or rod JloaiHr--Thv tube or 
rod float in deHignecl also to nif*iiHure 
directly the mean velocity in a ver- 
tical It is gt»fM*riil!y a cylinder of 
tin, about 2| inches in diameter, 
weighted at ite lower cikI and 
plugged with wood or cork at ita top. 
Small extra weight to miilie it float 
at tlie exiiet df^jith dmiml may 
reiidil}*^ Ik^ added by iidiiiittiiig water 
or by putting in sliot. The tii{« 
siiould Ih* gradiiiitcd, mid fdleriiiite 
feet pairiti'fi Iiho'k and rml in order 
that thedi'plh of lloiitfioii iimy 

n.aidily oliscrvr'd, 

A immlH'f of tiifTiTent 

lengths aro nii^i'ssary htr iii<*iistiriiig 

the velocity at diff(‘rent <h‘pt hs in an onlinai;v t*ro>>-M't‘iion. A float of 
this type is consiK'iUiUitly lM*st adai)t<‘d for n>o in artifleial <dia,iini*!s, in 
wliich the de|)tli is nearly uniforni, as natural channels an.* giaioridly too 
rough and too variable to |)ennit its satisfarlory u »•. 

Although dt‘.signed to ni(‘asur<‘ dirorfliy tla* iiM-an vi-locify in a, vorfi«*al, 
the tube can not Ik‘ inad<‘ to float in <T>nta{'*t wiiii !h«* ini! ui t in* ;,f re'aiin 
and conse(|U(‘nt ly it dois not rret-iv** the r'lirot (»f tfii^ lunviiig 

water. dl'H* rouglHU* th(‘ bod thr groatti’ th»‘ rrmr in ibr^; r»‘. A 

factor less than unity is than/biro la-cfosary to lediirr ihr tibarrvcd 
velocity to the mean. 



Fio. 1.— SubHorfuci* Fkwt. 


(’riiliKNT MK'rKUsA 


A (uirrent inc'trr for in<‘astiririg the \a-lncil>' <*f fit^wing wnu r ••niu} 
tavo (\ss(sit ial parts: iai a wh^rl a,rrangi'd ffjat ufim a juaiib-i ui flmv- 
ing wat,(‘r tin* {in'ssun* <»f fla* waf^-r again>t it cau if fo ; /o a 

d(‘vic(‘ for re(‘ording or indicating the ini?nb#a’ nf rv^ ..iniaai , i l.i v- la-i ! 
dlie relation lad wocn tht* vo|«H*ity of tla* njov-fag and thr fi-uilu 

tions of tdH‘ \vIh‘(‘I is d«*t«*rinin«‘d b\ rating na !» r. 

Theearii(‘st 1 yp(‘of nndcr was t ho fluaf w!i.'.-l. a. hir'b \ui. ir i d t -v liuoia 
Transact ions A lut'rican Sofifty nf c.', io.r’::;'''-?-., I'.i;.;- a.. '■ ; \\ . , . * , 
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and Dupuit in. the latter part of the eighteenth century, and was prac- 
ticable only for measuring velocities at the surface. About 1790, 
Woltmann modified this wheel so that it could be used beneath the sur- 
face, the number of revolutions being recorded by a gear mechanism, 
which was started and stopped at the beginning and end of a run by a 
catch operated by a cord. It was necessary, however, to lift the meter 
out of the water in order to read it. LaPointe arranged the recording 
apparatus above the surface by connecting the axle with a vertical rod 
and beveled gear. Baumgarten, Saxton, Brewster, Laignel, and others 
made various modifications of the instrument. Prior to the invention of 
an electric device for recording or indicating the number of revolutions of 
the wheel, the meter was of limited use because of its lack of adapta- 
bility to varying conditions and because of difficulties with the operation 
of the recording mechanism. 

In America current meters were earliest used in connection with the 
investigations of the Mississippi, started in 1850 by Humphreys and 
Abbot,* in which the ship's log and the Saxton meter were used to a small 
extent and with little success. 

About 1860, the late D. Farrand Henry, M. Am. Soc. C. E., Assistant, 
United States Lake Survey, invented for use with the current meter an 
electrical recorder,'" which eliminated the serious difficulties peculiar to 
the mechanical recorder, and made feasible the further development of 
the meter. 

The first extended and successful series of measurements with the 
current meter in the United States was made on Connecticut River by 
the late T. G. Ellis, M. Am. Soc. C. E., in connection with studies begun 
in 1871.® General Ellis started his work with the Woltmann meter, 
equii)p(^d with an electrical recording device, but later used an electrical 
recording meter devised by himself. The results obtained by these 
measureiTU'nts have had an important effect on the development of 
stream-giigi ng instruments. 

The eaiTu^st Ameri(;au patents for current meters were taken out in 
1851. T!i(T(‘ are now on file in the Patent Office, classified under ship's 

logs, morc^ than fifiy patc^nts for devices for measuring the velocity of 
water. Many un[)at(‘nt(^d d(wi<*,(‘s have also been constructed. The 
only met(M's whi(‘.h liave had much gcmeral us(‘, liowever, are those devised 
by Price, llask(‘ll, Et(‘l(y, and ICllis or modifications of these types (PL 
I, B, Nos. 2-^1 and 1). 

Each of the various rinders has first he(in developed to meet the reqiiire- 

*li<^port upon th(^ Physics and llydraulh^s of thi^ Missi.ssippi River, 

^.Journal of the Fninklin InHtituU^ Vol. Xf'll, 1S71. 

‘Report. Chief of Enjfiiioers, II. B. Aniiy, 1H7H, Pari 1. 
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ments of some special condition, and, until recently, the use of all has 
been confined to special hydrologic investigations in connection with some 
public work, municipal, State, or Federal. The present widespread 
interest in the value and useof water has created such a demand forrecords 
of the discharge of streams that the current meter is now in general use, 
and has become an essential part of the equipment of every engineer 
engaged in hydraulic work. 

In 1888 the United States Geological Survey began the gaging of 
streams of all sizes and in all sections of the country. These streams pre- 
sented an infinite variety in combination of range in depth, width, and 
velocity . No adequate meter or methods had been developed for work of 
this varied nature. Furthermore, elaborate equipment and methods 
were out of question on account of the limited funds. It was necessary 
to devise or adapt a current meter which could be readily carried in the 
field and operated by one man, either from a bridge, boat, cable and car, 
or by wading. • / 

After experimenting with various types (PI. I, B) the engineers of 
the Survey developed a meter combining certain essential features of the 
l^rice acoustic and the large Price electric meter"' (PL I, A, Nos. 1 and 2.) 
Tliis is known as the small Price meter, and has since been in general use 
in the Survey work. Modifications in its construction have been made 
from time to time until now it represents the ideas of many engineers, 
resulting from tlu^ t‘X])(‘rien(UM)f more than twenty years in stream gaging. 

Idle methods dt‘V{‘lo|)ed by the Survey engineers are also believed to 
re[)resent tlie liest practiee in tins line of work. The Survey’s data are 
now used extensively in all hydraulic devidopment in the United States. 
Its methods have l>(‘eu accejited as standard in this country and have 
been adopted in siiniiar work by many (mgineers in all parts of the world. 

OI-LVEUAL FHATCItES OF CURRENT MIOTERS. 

Current met(‘rs nuiy dividcMl into two g(m(‘ral classes: direct action 
and diffc'rential action, tlu^ division defRaidiiig on wh(‘th(;r the wat(‘r, in 
r(‘Volving wiaa*!, dot's or does not exert a forcti wliich tends to retard 
the motion of tliti wIkh*!. 

The wlict'l of iJiti dir<'ct-action meter consists of flat or warped-surface 
\ aiH'S set on a horizontal axis, which are caused to revolve by tlie direct 
pressures of tlie watt'r against them. Eacli vane rt‘C(;ives tlie water fires- 
sure in tlie same way as all of the others. The |)riiicipal typtis of direct- 
action meters are tlu^ Haskell and Fteley (PL I, B, Nos. 2 and 4). 

Tlie wheel of the differential meter consists of a vertical axis carrying a 
s(‘ri(^s of ciijis which are nwolved by the water pressure on the concave 


^ MiiiivifacUirt'd an(i sold by W. tt b. K, Ourloy, Troy, N. Y. 



INSTRUMENTS AND EQUIPMENT. 


9 


side of the cups and are retarded by the lesser pressure on the convex side. 
The principal types of differential meters are the Price and the Ellis 
(PL I, B, Nos. 3 and 1). 

The essentials for a good current meter are : (a) simplicity and lightness 
of construction, withnodelicatepartswhicheasilygetoutof order; (6) sim- 
plicity in operation, including its preparation for use under any conditions, 
and its dismantling, cleaning, and boxing after use; (c) a small area of 
resistance to the action of the water; (d) a simple and effective device for 
indicating the number of revolutions of the wheel; and (e) adaptability 
for use under all conditions. 

The small Price meter is the only one fully described herein. The dis- 
cussion on the care and use of current meters is, however, generally 
applicable to any type. 

DESCRIPTION OP THE SMALL PRICE CURRENT METER AND EQUIPMENT. 

The small Price current meter and equipment consists of five principal 
parts: (1) the head; (2) the tail; (3) the hanger and weights; (4) the 

recording or indicating device; and (5) * "" ■' 

lowing descriptions the numbers in pai 

The Head , — The head consists of a 3 
made of six conical cups (2) , brazed to a horizontal frame (3) . This wheel, 
referred to as the cups, turns in a counter clockwise direction on a vertical 
axis known as the cup shaft, which rests and revolves on a cone point 
bearing at the lower end and engages the recording mechanism at the 
upper end. 

The cup shaft consists of two parts (4, 5), screwed together from either 
side of the cup frame, thus fastening tlie cups rigidly to the cup shaft. 
At the lovv(T part of tlie cup shaft there is a cone bearing which receives 
the cone point ((>) on which the cups revolve. 

dlui cone })()int is screwed tlirough a metal bushing (7) known as the 
conci ping, and is firmly ludd by a lock-nut (8). The cone plug fits into 
ih(' low(‘r arm of tlui yoke by a sliding connection, and is clamped in posi- 
tion by a set-screw. ]>y nu'ans of a sl(H‘V(‘-nut (9) on the lower part of 
1 h(‘ shaft, t h(^ (aij)S can b(i lifical from tlui cone point when tlie m(‘ter is not 
in us(‘. d'his sl('(‘V(‘-nut lias a hdVhanded thread, so that it will not 
tiglib'u wlnai th(‘ cups nwolvi*. 

Tlui uppiT |)art of di<5 cup shaft is fitUnl with either a worm gear or an 
(M‘(‘(‘nt ric whi(‘h ])ass(^s into a cylindrical chamber (10), known as tlie con- 
tact (‘IminlxT, as it contains tlu^ nu'chanisrn for making the contact which 
iiuiicatos the revolutions of tlui cups. The construction and arrange- 
numt of both the c.oiitaed. chamlxT and the mechanism contained in it 
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depend on whether the indicating device is penta-count electric, single- 
count electric or acoustic. 

When the penta-count electric indicating device is used, the contact 
chamber (10) which is closed by a screw cap (11) provided with a leather 
gasket for keeping out the water, fits by a sliding connection into the 
upper end of the yoke, and is clamped into position by a set-screw. In 
the contact chamber there is fitted a cylindrical plug (12) which is held 
in position by a screw and carries a gear-wheel (13) which engages the 
worm gear on the upper end of the cup shaft, the gearing being arranged 
so that the wheel makes one revolution for every twenty revolutions of 
the cups. On the side of the wheel there are four platinum pins, equally 
spaced and set so that they will strike the contact spring (14) at each fifth 
revolution of the cups, thus closing the electric circuit to the indicating 
device, as explained later. These contact parts are known as the contact 
wheel, the contact pins, and the contact spring. The contact spring is of 
platinum, and is carried by the contact plug (15) which is screwed into 
the contact chamber through a hard-rubber bushing (16), thus insulating 
the contact spring from the meter when it is not touching one of the pins 
on the contact wheel. In the end of the contact nlno* tVipm la a o-nri f> 
set-screw for connecting with a wire from the i. 

When the single-count electric indicating device is used, the conLauu 
chamber (10a) and appurtenances are the same as described for the 
penta-count contact chamber with the exception that the gear wheel (13) 
is omitted and the worm gear on the upper part of the shaft (4) is replaced 
by the eccentric (4a) which strikes the contact spring (14a) at each 
revolution, thus closing the electric circuit to the indicating device. The 
penta- and single-count contact chambers are interchangeable. 

When the acoustic indicating device is used, the contact chamber (10b) 
is closed with a cap (11b) fitted with a metal drum (49), and, in place of 
tlie platinum contact spring (14) and plug (16), there is a small hammer 
(50) which is caused by the pins on the side of the gear-wheel (13a) to 
st ri ke the drum at each fi fth r(‘ v( >1 iitic )n of the cups. In order to keep the 
water from deadening the sound by rising into the contact chamber 
(10b),it is raised about four inches above the yoke (la) by inserting 
the tiilie (59) and lengthening the uppcT part of the shaft (4a). 

When the (‘.hictric iii(li(‘.aiing (levi(‘(i is used, the yoke is equipx)ed with 
a stem which contains a slot jukI a. seraw hole (22) for attaching the 
!nei(;r luuig(n* (2:0, and a, socket into which the tail of the meter (17) is 
fasteiHMl. Whim the acousii(‘- indicating device is used, this stem is 
omitted and the meter is supporhid on a rod (51) attached to the con- 
tact chaml)cr. 

The Tail , — The tail is used when the meter is suspended by a cable, or 
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on a sliding hanger rod. It provides for balancing the head, and also 
keeps the axis of the meter parallel to the direction of the current. It 
consists of a stem (17) which fits by a sliding connection into a socket in 
the stem of the yoke where it is clamped by a set-screw. On this stem 
there are two vanes (18 and 19) set at right angles. One of the vanes is 
rigidly attached to the stem; the other fits into it by grooves, so that it 
can readily be pulled out when the key (20) which holds it in place is 
turned. On one of the vanes there is a slot carrying a weight (21) which 
can be so adjusted as to balance the meter. 

The Hanger and Weights —When suspended by a cable, the meter is 
hung by a screw-bolt (22) on a steel stem (23) which passes through a 
slot in the stem of the yoke. The slot in the stem of the yoke is wide 
enough to allow the meter to swing freely in a vertical plane, and the bolt 
passes through the frame a little above the center of gravity of the meter, 
so that the latter will readily adjust itself to a horizontal position. In 
the upper end of the hanger there is a hole for attaching the suspending 
cable, and at intervals along the stem there are other holes by which the 
meter and lead weights may be hung. The weights (24) are of torpedo 
shape — this design offering the least resistance to the current — and are 
made in two sizes, weighing, respectively, 10 and 15 pounds. They are 
attached to the stem by a screw bolt. The manner of arrangement of 
the weights and meter on the stem depends on the conditions under which 
the measurements are to be made. 

When the meter is used on a rod, the hanger, weights, and usually the 
tail are dispensed with. 

The set-screws for clamping the various sliding connections are all of 
the same size and are of standard make. Beveled grooves are provided 
in each of these connections so that when the set-screws engage them the 
parts are drawn into place. 

All parts of the meter are standard, and can readily be replaced in the 
field. 

The Recording or Indicating Device . — A recording or indicating device 
is necessary for determining the number of revolutions of the meter wheel, 
and the successful use of the meter depends largely on this part of the 
apparatus. Various devices, operated either on the mechanical, electric, 
or acoustic principle, have been used for this purpose. These include the 
telegraph ticker, automatic recorder, electric buzzer, teleph<me receiver, 
drums, etc. Of these, however, the telephone attachment and tlie acous- 
tic indicator have been found to be most satisfactory in g{*aeral practice. 

The telephone attachment consists of a telephone receiver (25) and 
small battery (26) placed in a partial circuit which terminates in a con- 
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necting plug (27) by means of which the apparatus can be readily con- 
nected in circuit with the meter. The magnets of the telephone receiver 
are wound for 10-ohm resistance so as to secure a loud click. 

Either a dry-cell or a wet-cell battery may be used. The most satis- 
factory dry cell (26) which has been tested is the No. 409, “Ever 
Ready cell, which is 1 inch in diameter and 3 inches long. This cell 
is equipped with two screw connecting posts (28), both at the same end. 

The wet cell in common use consists of an outer casing of hard rubber 
(29), about 11 inches square, containing a carbon compartment (30) into 
which a zinc pole (31) having a rubber stopper (32) is inserted. The cur- 
rent is generated by means of a solution of bisulphate of mercury and 
water. Contact is made with the cell through a platinum plug (33) 
extending into the carbon at the bottom and through the screw (34) in 
the zinc pole which extends through the rubber stopper. 

The cell is encased in a leather box (35), and connection is made with it 
through two screw connecting posts (30), each of which terminates in a 
separate spring plate (37) against which the poles of the battery bear. 

In use, the telephone receiver is pinned to the shoulder and the 
battery cell is placed in the side coat pocket. The connect^" 

(27) will then hang a little below the shoulder and is easily a( 
for attaching and detaching the meter. 

In the acoustic indicator, the striking of the hammer (50) on the drum 
(49) in the contact chamber (10b) indicates each fifth or tenth revolu- 
tion of the meter, as already explained. The sound is transmitted 
through the rods (51) and a rubber tube to the ear of the operator. The 
rubber tube and ear-piece are not necessary unless there is considerable 
noise. 

Automatic recorders have been used to some extent, but for general 
work have not been found to be satisfactory, because they are likely to 
get out of ordtM'. fn^quently require an assistant to operate them 

and make the outfit more cumbersome. Furthermore, a sounding device 
which requires the operator to count the revolutions of the meter is 
always saf(T and more satisfactory than either a mechanical or electric 
s(‘lf-counting d(wace or rec-order, because the operator will at once detect 
any irregularii i(‘S eausc^d by trouble with the meter, battery, electric cir- 
cuit, or oth(‘r part of tlie equipment. A stop-watch is essential to the 
|)roper ol)S(‘rvat ion of time. 

The Suspending J)('v ice. —The suspending device, which consists of a 
rod or of some form of ca ble, must make provision for lowering the meter 
and weight into the wat(3r and also for completing an electric circuit 
between tlie contact eliamber of the meter and the recording device. 
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The rod in common use in connection with the electric recorder con- 
sists of a ^-inch tube (55) graduated to feet and tenths. For convenience 
in carrying, it is made in 1.0 or 1.5-foot sections fitted with screw threads. 

Two methods of hanging the meter on the rod are in use. By the first 
the head and tail of the meter are attached to a sliding hanger (54), which 
can be moved up and down the rod or clamped in any position. On the 
bottom of the rod there is a flat foot (53) which keeps it from sinking into 
the bed of the stream, and at the top there is a plug (56) for connecting 
one of the wires from the recording device. The circuit between the 
meter wheel and the recording device is made by attaching one of the 
wires from the recording device to the plug in the top of the rod. The 
other wire follows down the rod and is attached to the contact plug of the 
meter. In the second method the rod (58) is connected by the screw 
socket (57) in the yoke. 

The rods (51) for use with the acoustic indicator are of |-inch tubing 
graduated to feet and tenths, and, for convenience in carrying, are made 
in 1.0 or 1.5-foot sections whichscrew together. The bottom rod connects 
with the contact chamber (49) by a screw, and is cut so that the distance 
from the center of the cups to the end of the rod is just 1.0 foot. On the 
upper end of the top rod there is a flat plate (52), in the center of which 
there is a hole through which the sound from the drum can be heard. 
The soundings are made with this end of the rod, and the plate keeps the 
end from sinking into the bed of the stream. 

The best form of cable in use is a combination of No. 16, “old code, 
double-insulated, show-window cord^' (38) and No. 12 or 14 galvanized 
wire (39) about which is wound a small insulated wire (40). The show- 
window cord is used for the upper part of the cable. It is large enough to 
be manipulated easily with bare hands, and, being made of two insulated 
wires, provides for making a circuit between the meter and the recording 
device. In its use, the two wires of which it is made must be separated at 
either end (41, 42, 43, 44) in order to make the attachment witii tlic con- 
necting plug (27) of the indicating device at the upper end and with the 
galvanized wire (39) and small wire (40) which lead to the meter at th(‘ 
lower end. A ring or snap (45), into which the galvanized wire is loo])e(l, 
is fastened, either by a loop (46) or a knot (47) to the lower end of the 
show-window cord. 

In fastening the meter cable to the snap or ring with a knot (47), a strip 
of adhesive tape is wound around the cable tw'-o or three times, al)oiit 
1 foot from the end, leaving about 6 inches of the tape at the beginning 
and end of the winding. The cable is then inserted through the snap or 
ring so that the snap bears on the adhesive tape, and a knot is tied in the 
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cable about the snap (45) and drawn down as tight as possible. The ends 
of the adhesive tape (48) are then wound around the cable, one above and 
the other below the knot, to keep it from sliding. The outside covering 
of the end of the cable can then be taken off to within 3 or 4 inches of the 
knot, exposing the ends of the two insulated wires (41, 42) which may 
then be fastened to the wires (39, 40) leading to the contact plug and to 
the hanger. 

If the snap is held in a loop (46), a length of about 12 or 14 inches of the 
outside insulation is removed so that the wires can be doubled back and 
connected with those leading to the contact plug and hanger. The loop 
is first tied with string and then wound with adhesive tape, the tape being 
placed also around the cable where the ring bears on it. 

The galvanized and small wires (39 and 40), which make up the lower 
end of the cable, should be long enough to reach from the surface to the 
bottom at the deepest point in the stream. Their use is advantageous 
because they offer small resistance to the moving water and thus reduce 
the distance that the meter is carried down stream. 

The galvanized wire (39) provides both for carrying the weight of the 
meter and for one side of the circuit between the meter and the recording 
device. It is attached by ordinary loop connections to the snap in the 
lower end of the show-window cord and to the meter hanger (23). The 
circuit is made through it by the direct connection with the meter stem 
and by its connection at the upper end with one of the insulated wires (41) 
from the show-window cord. 

The small wire (40), which provides for the other side of the circuit 
between the meter and the recording device, should be wound loosely 
around the galvanized wire in order to prevent annoying motion and wear, 
and may, if the water is swift, be held more securely if fastened with tire 
tape. At the upi)er end it is connected with one of the insulated wires 
(42) from the show-window cord, and at the lower end with the contact 
plug (15) of the meter. In order to aid in preserving the insulation 
between the galvanized and small wires they may be shellacked. 

If the velocities or depths are not so great as to carry the meter down 
stream, the galvanized and small wires may be dispensed with. The 
snap (45) at the lower end of the show-window cord would then be 
attaclied directly to the meter stem and the circuit completed by attach- 
ing the insulated wires (41, 42) to the contact plug at one end and to the 
screw of the meter hanger at the other. 

The meter may also be suspended by a single uninsulated galvanized 
wire, the circuit being completed through the water and ground (Fig. 3). 
1 n using the single wire the connection is from the water to the meter 
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through the contact point to the line, then to the battery and through the 
te'ephone to the bridge or cable, then to the ground and back to the water, 

It makes no difference on which side of 
the battery the telephone is placed in 
the line. 

When using a single wire, a clean 
metallic contact must be made be- 
tween it and the bridge or cable from 
which the observations are taken. A 
little paint, rust, or other coating will 
prevent efficient work. 

In measuring high velocities and 
deep streams, stay-lines or guy-lines are used in addition to the sus- 
pending cable to keep the meter in place. 




This connection, mast 
be insulated. 


J 




Fig. 3.--Arrangeinent of Circuit in Single 
Wire Suspension. 


CABE OP THE CURRENT METER. 

The equipped current meter consists of : 

Meter itself. 

Telephone or other indicating device. 

Battery. 

{d) Connecting wires. 

(e) Connecting plug. 

{/) Cable for supporting the meter. 

(g) Insulated wires for completing the circuit. 

(h) Weights. 

(t) Hangers. 

(j) Hanger screws. 

(k) Stop-watch. 

(Z) Rods for wading measurement. 

(m) Rods or lines for sounding. 

Aside from this equipment, the engineer, when on a field trip, should 
always be supplied with the following articles which are frequently neces- 
sary or desirable for making repairs to the station equipment and for the 
ordinary operation and care of the current meter. 

(а) Small screw-driver. 

(б) Parallel pliers with wire cutter. 

(c) Spanner wrench for dismantling meter. 

(d) Can of oil. 

(e) Roll of adhesive tire tape. 

(/) 25-foot metallic tape. 
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ig) 50-foot steel tape. 

(h) Extra cone point. 

(^) Extra set of screws. 

(j) Small hatchet. 

(k) Extra battery. 

(l) Insulated wire. 

(m) Assortment of nails. 

For carrying the meter and equipment two types of cases are in general 
use. One is a box 8^ by 6| by 5 inches, arranged with a shoulder strap 
and just large enough to carry the meter and tail when taken apart, the 
weights, cable, and other equipment being carried in a separate case. 
The other is a box 17 by 12 by 6 inches, with a lower and upper compart- 
ment, the lower being designed to carry the weights, cable, and heavier 
tools, and the upper to carry the meter and more delicate parts of the 
equipment. A partition in the upper compartment provides a space into 
which the head is fitted and carefully packed so as to avoid injury. This 
case is shaped like a small suitcase and arranged with a carrying strap. 

When an additional case is needed fo^ 
bag, used by masons for carrying to^ 

In taking the meter apart, remove 
then loosen the set-screw to the contav^u V..JLJLCUJJUU<Oi , aiiU. JJUIl LJJlC 
out by a. slight twisting motion. Care must be taken to let the cups be 
free to turn, so that the worm gear on the upper end of the shaft can dis- 
engage from the teeth of the contact wheel. In handling the contact 
chamber, it is well to take off the cap, so that the gear-wheel can be seen 
during the operation. The cone point can then be taken out and the cups 
released by loosening the upper part of the shaft with a spanner wrench. 
This wrench is so arranged that it can be used for loosening all parts of 
the meter. 

In putting the meter together, first attach the cups to the cup shaft. 
In doing this, the upper part of the shaft should be inserted through the 
upper hole of the yoke before it is screwed to the lower part. Care must 
be taken to place the cups so that they will move counter-clockwise. 
After the cups have been fastened to the shaft, insert the cone point and 
clamp it in place, and tlam insert the contact chamber. In replacing tliv* 
contact chamber, the cups should be left free to move on the cone point 
and care should be taken not to allow the cogs on the worm gear to catch 
on the teeth of the contact wheel. Before inserting the cone plug, the 
cone point should be adjusted and firmly secured with a lock-nut. The 
adjustment should allow a slight vertical motion of the cups. 

Although the current meter is substantially made and will stand con- 
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siderable hard usage, it needs special attention and care to insure its 
proper working. In this connection the following instructions should be 
carefully observed : 

1 . Be sure that the set-screws are all tightened before putting the meter 
in the water; otherwise one of the parts may be lost. 

2. Loosen the sleeve-nut and see that the meter runs freely before 
beginning a measurement; and spin the meter cups occasionally during 
a measurement to see that they are running freely, that is, that they will 
continue to move for a considerable time at a slow velocity. 

3. See that the weights play freely on the stem, so as to take the direc- 
tion of the current and thus avoid an unnecessary drag on the line. 

4. If any apparent inconsistency in the results of an observation 
throws doubt on its accuracy, investigate the cause at once. Grass 
may be wound around the cup shaft; the cups may be tilted by tension 
on the contact-wire; the channel may be obstructed immediately above 
the meter; the meter may be in a hole; or the cups may be bent so as 
to come in contact with the yoke. 

5. After a measurement,, clean and oil the bearings (in order to pre- 
vent rust) and inspect the cone point. 

6. In packing the meter, turn the sleeve-nut to lift the cups from the 
cone point- 

7. Always see that the lock-nut on the cone point is screwed firmly 
against the cone plug. 

8. If the cone point is dulled, it can be sharpened with an oilstone. 

9. In measuring low velocities, be sure that the meter is in a horizontal 
position. If it has a tendency to tip, the balance weight on the tail 
should be adjusted or the meter be held rigidly by inserting a plug in the 
slot against the stem. 

10. Avoid taking measurements in velocities of less than 0.5 foot per 
second, because the accuracy of the meter diminishes as zero velocity 
is approached. 

11. For velocities of less than 1 foot per second the bearing point 
should be the same as at the time of rating. As the velocity increases, 
the condition of the point is less important, because the friction factor 
decreases. 

12. In taking measurements at high velocities, sufficient weight, and a 
stay-line, should be used to hold the meter in the vertical. 

13. In very shallow streams the meter should be suspended from the 
lower hole on the stem, and the weight should be placed above. 

14. If the cups of a small Price meter are bent, they may be easily put 
in shape by pressing them with a piece of -wood or metal with a round, 
smooth end. 
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15. The telephone receiver is very sensitive to electric currents, and 
can be used to locate any break in the circuit. First try the telephone 
and battery together (Fig. 4) in a circuit having a make-and-break point, 
as at a. This may be done by using a knife blade or a screw-driver, mak- 
ing connection where the wires enter the plug. If there is no click in the 
telephone, then the battery or the telephone does not make a circuit. If 
there is a click, insert the meter in the line and test for a contact in the 
meter head (Fig. 5) by revolving the meter wheel. If the meter is all 
right, put the meter cord in the circuit and test both sides by making 
double connection and touching alternate sides of the line, a (Fig. 6). 

16. When the meter is not in use, disconnect the meter line from the 
battery, so that it will not become exhausted. 

17. When a wet cell is used, the solution may be left in it for a time, if 
the zinc pole and stopper are replaced by a cork. 

18. Never let the bisulphate dry, however, in the cell, as it forms a hard 
cake and polarizes the battery. 

19. Do not let any bisulphate of mercury remain loose in the meter 
box; if it gets into the meter bear- 
ings it will corrode them. 

20. The zinc pole in the bisul- 
phate cell sometimes gets pushed 
down so that it touches the bot- 
tom of the cell, in which case the 
cell is short-circuited and becomes 
useless. To test this, lift the 
plug a little way out of the bat- 
tery and see if there is a flow of 
current. 

21. Keep the points clean 
where the battery makes contact 
with the metal plates. 

22. The amount of current 
necessary to work a telephone 
receiver is very small, and a bat- 
tery may be serviceable even 
though nearly exhausted. 

23. If care is taken, it is very 
improbable that the telephone re- 
ceiver will get out of order. 

24. Do not strike the tele- 
phone receiver, as a heavy jar will to a greater or less extent damagnetize 
the pole pieces, and to that extent will injure the receiver. 






Fig. 4, 




Fig. 6. 

Testing Meter Circuit. 
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25 . Care must be taken not to short-circuit the dry battery when the 
meter is not in use, as in that way the cell becomes exhausted in a short 
time, the energy being used in heating the cell. To avoid this, the poles 
may be wound with adhesive tape. 

26. If a dry cell which has been long in stock fails to work well, punch 
two nail holes in the wax on top of the cell and put it in water over night, 
when it may absorb enough moisture to renew it. The holes should then 
be coated over by heating the wax with a match and pressing it into place, 
or by pouring in melted paraffin. A cell which has been exhausted by use 
is not benefited much by this treatment. The life of a cell depends 
largely on the amount of leakage in the line during use. 

RATING THE CURRENT METER. 


The relation between the revolutions of the meter wheel and the 
velocity of the water must be determined by rating each meter before it 
is used. Theoretically, the rating for all meters of the same make should 
be the same, but, as a result of slight variations in construction, and in the 
bearing of the wheel on the axis at different velocities, the ratings differ. 


Observations for rating meter No. 815^ made February 19, 19W, at Chevy Chase 
Lake, Maryland, by W. McC. and M. I. W. Method of suspension, Cable; 
meter last rated at Chevy Chase Lake, May W, 1909 ; present condition good, in 
repair. 


No. 

of 

run. 

Observations for hmgth of run. 

Time in 

No. 

of revolu- 
tions. 

Revolu- 
tions per 
second, 

Velocity 

Start. 

End. 

Distance. 

seconds. 

per 

second. 

1 

Feet. 

30.3 

Feet. 

54.0 

Feet. 

23.7 

42 

10 

.238 

.562 

2 

50.5 

26.5 

24.0 

43 

10 

.233 

.558 

3 

28.4 

51.7 

23.3 

27 

10 

.371 

.863 

4 

43.8 

20.6 

23.2 

26 

10 

.385 

.892 

5 

24.5 

70.8 

46.3 

34 

20 

.588 

1.357 

6 

63.9 

18.1 

45.8 

30 

20 


1.527 

7 

20.3 

66.2 

45.9 

20 

20 

1.000 

2.295 

8 

62.4 

16.9 

45.5 

20 

20 

1.000 

2.275 

9 

21.6 

112.9 

91.3 1 

24 

40 

1 1.67 

3.80 

10 

117.9 

27.5 

90.4 ! 

23 

40 

1.74 

3.93» 

1 1 

21.6 

113.0 

91.4 

25 

40 

1.60 

3.6() 

12 

119.1 

29.1 

90.0 

27 

40 

1.48 

<> 

<>.<>•> 

13 

22.5 

113.5 

91.0 

17.4 

40 

2.30 

5.23 

14 

119.2 

28.7 

90.5 

17,0 

40 

2.35 

5.32 

15 

23.7 

114.7 

91.0 

14.6 

40 

2.74 

6.23 

16 

125.3 

35.0 

90.3 

15.0 

40 

2.67 

6.02 


Note.— The runs are in pairs, the odd numbers being across the track and the even numbers 
in the return to the starting point. 



Fig. 7, — Rating Curve for Small Price Meter. 
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Revolution^ per second 



Revolutions per second 


3.5 
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A meter is rated by conducting it through still water with uniform 
speed (PL II, A) and noting the time, the number of revolutions, and the 
distance. The Tevolutions per second and the velocity in feet per second 
are afterward computed from these data. Many runs are made, as 
shown in the preceding table, the speeds varying from the least which will 
cause the wheel to revolve to several feet per second. The results of 
these runs, when plotted (Fig. 7) with revolutions per second and velocity 
in feet per second as co-ordinates, locate the points which define the meter 
rating curve, in general a straight line from which the rating table is 
prepared. 

In ihaking the run for the rating the time and distance corresponding 
to ^ given number of complete revolutions are recorded automatically by 
electric devices which are operated by the closing of the circuit in the 
poptact head of the meter. 

Theoretically, the wheel of a differential-action meter, when carried 
through still water, should revolve as a wheel revolves in passing over 
the ground. That is, in going a given distance it should make practi- 
cally the same number of revolutions, regardless of speed. The rating 
of a great many small Price electric meters shows this number to be from 
0 44 revolutions in going 100 ft. 

K^^andard current meter rating tables are usually furnished by the 
makers of meters and when the meters are used under the same condi- 
tions under which ratings were made, the tables will usually give results 
within 1 or 2 per cent of the individual rating table for the meter in ques- 
tion. Special ratings for individual meters can be obtained, for a nom- 
inal fee, from the United States Bureau of Standards, which maintains a 
fully equipped rating station at Washington, D. C. 

The relative ratings of various types of current meters are shown in 
Fig. 8. 

SOUNDING APPLIANCES. 

Tlie most common sounding appliances in general use are rods and 
we i gilt and liru'. 

Rods are limited in use to depths of less than 15 feet. If over 5 feet 
long, they should be round in order to be easily liandled and may be made 
either of gas-i)ipe or of wood. Rods under 5 feet in length should be 
made of flat strips of wood 3 inches by J inch with one face cut to a knife 
edge, against which the water will not rise in swift velocities. The grad- 
uations should be as close as the desired accuracy of soundings and so 
marked as to be easily read. In order to avoid sinking into the bed of 
the stream, the bottom of the rod should be protected by a shoe 3 inches 
or more in diameter. 



Plate 11. 



A. UNITED STATES GEOLOGICAL SURVEY CURRENT-METER RATING^STATION, CHEVY CHASE, MD. 
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Weights and lines of many forms are in use and are manipulated either 
directly by hand or by means of a sounding-reel in case of very deep 
soundings. The line should be of some material which does not shrink or 
stretch on wetting. For reels piano or sash-weight wire is generally used. 
The best form of hand line for use at bridges is a combination of the show- 
window cord used for supporting the meter, which can be easily grasped 
with the hands, for the upper part, and No. 12 or 14 galvanized wire, 
which offers but little resistance to the current, for the lower part. 



The shape of the weight should be such as to offer small resistance to 
the water, and the amount of weight required will depend on the depth 
and velocity of the current. 

The line with meter and weight attached frequently is used in making 
soundings. 

GAGES. 

The gage is the instrument, graduated scale or other device, whereby 
the stage and changes in stage are observed or recorded. This fluctua- 
tion is measured with reference to a fixed datum which must be referred 
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to one or more permanent bench marks, and to which the position of the 
gage must maintain a constant relation. The accuracy of all records of 
discharge is absolutely dependent on the maintenance of this relation. 

In connection with all gage height records, special care should be taken 
to keep a full history of each and every condition which may affect the 
gage records or their interpretation. These should include full notes of 
all matters which pertain to the gage and its installation, such as repairs 
and changes in datum or location, and also a history of all conditions 
which may affect the gage readings, such as changes in the channel or the 
construction of dams or other works in the vicinity. 

The value of most series of gage height records increases with their 
length, and many long-time records have been rendered practically value- 
less on account of insufficient data to make possible their proper inter- 
pretation. 

The many styles of gages in use all belong to two classes, non-recording 
and recording. 

NON-RECORDING GAGES. 

The various forms of non-recording gages may be grouped into (1) 
direct gages, consisting of fixed, graduated staffs or scale boards on which 
the water rises and the stage is observed directly, and (2) indir(ict gag(\s, 
consisting of graduated scale boards located al)()ve the water surface^, to 
winch the index of the stage of the water is transferred by ni(*a,ns of a 
movable chain or rod of known length operated eitheu’ automat ically !>>' 
means of a float and counterweight or by the observer whenev(‘r a rt^cord 
is desired. 


DIRECT (JAOES- 

Direct gages consist of fixed staffs which may ])(‘ (‘itluT V(*rti(‘al or 
inclined. If a gage of this type can be estabiishiMl and |)r()p<‘rly main- 
tained, it is doubtless the most satisfactory n()n-r(‘(‘()rding gagt^ t hat, (‘an 
l>e used. The napiirements for a satisfacd.ory gag(i of t his (dass ar(‘ (1 ) 
that the graduations be both chair and pia-inaiKait ; (2) that t h(‘ gagn hr 
(aisily accessilile to naid ; and QV) that it be staJiha 1 1 has tln^ ad van! ag<‘ 
of certainty in datiiin so long as the gage is undisturlx'd, small first cost , 
a.nd simplicity in reading, but the disadvantage of Ix'ing liable to dis- 
turba,nce or destruction by frost action or by floating iix^, logs, or drift. 

Vertical staff gages . — ^The vertical staff is lietter than the incliiKM 1, when 
there is available, either in or over the water, an artificial or natural 
object having a vertical face to which the gage may he attaclaxL Such 
object may be a bridge abutment or pier, a wharf, a tree, or a rock. 

The best form of vertical gage consists of a base of rough 2-iii(di by 4- 
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inch or 2--inch by 6«inch plank, to which a lighter plank having the gradu- 
ated face may be easily fitted and nailed, with the zero at the desired 
elevation. The graduated plank will be found satisfactory if made in 
about 5-foot sections of |-inch by 6-inch pine, painted white, with gradu- 
ations cut as V-shaped notches painted black. This facing and gradua- 
tion is cheaply made, the graduations are reasonably permanent, the 
sections are convenient to carry and are easily installed. 

Inclined staff gages . — The inclined staff is useful where there is no 
existing object to which a vertical staff may be attached. It should be 
made of 4-inch by 4-inch timber, or larger, supported at short intervals 
on posts or concrete piers firmly set in the ground, and should be gradu- 
ated by level after being placed in position so as to give the readings 
directly. Such gages are especially liable to change of datum and should 
l)e frequently checked in elevation at several points. Plate V, A, shows 
a hook gage in the well and an inclined gage on the bank. 

INDIEECT GAGES. 

Indirect gages in common use are of three types, the hook, the weight, 
and the float. The essential requirements for gages of this type arc : (1) 
a constant length of tlie intermediate part used for transferring tlie index 
of stage to the scale board, and (2) a permanent scale board so graduated 
and placcid that it may be easily and accurately read. They are adapted 
for use where a fixed staff gage would be in danger of disturbance or can 
not be easily read. 

Hook (jdijes . — The hook gage invented by Boyden about 1840 is the 
most pr(‘(‘ise instrument known for the measurement of stage and will be 
found of value wherever determinations of stage to a hundredth of a foot 
or cIoscT are desirable. By careful adjustment such a gage can be made 
to read to a tliousandth of a foot. The value of such accuracy of reading 
is, howev<‘r, d(‘])endent upon the same accuracy in the dedormination of 
the oth(U' fa(!t()rs aff(‘(d,ing dis(‘.harg(>. This gage consists of a vertical 
inversfiy graduahnl rod, carrying a liook at tlie liottom. dlie rod slides 
in fix(‘d supports jirovided witli a venfua' for reading. The hook is sul)- 
merg(‘d and by itu'ans of a tangcait senw is gradually raised until the 
])oint just l)r(‘aks the surface) of the water so as to sliow tlie pini])l(i 
r(‘sulting from ca])illa,ry a,(‘t-iou. 

A sinijile form of hook gage (Fig. 9) can be arrangx'd by using a mov- 
al)le staff inversiiy graduatx‘d to f(x4 only, with a hook on the bottom, 
sliding against a fixed scale 1 foot in huigth carefully graduated to frac- 
tions of a foot. In reading the stage the feet are indicated by the foot- 
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mark on the staff which is opposite the fixed foot scale from which the 
tenths and hundredths are read. 

Hook gages arranged with verniers are applicable for use only in con- 
nection with experimental hydraulic work or 
with carefully adj usted sharp-crested weirs. The 
simple type of hook gage has a wider range of use 
and will be found advantageous in conjunction 
with automatic gages, in canals, and other chan- 
nels connected with diversion works and, during 
low water periods, at many gaging stations where 
small changes in stage correspond to large per- 
centage changes in discharge. 

Weight gages . — The simplest form of the weight 
gage consists of a graduated rod or tape, which 
the observer uses to measure vertically down to 
the surface of the water from a reference mark on 
a bridge, vertical ledge, or overhanging tree. The 
record of stage obtained by this means must be 
adjusted to read directly from the datum. 

— The weight gage used by the United States 
Geological Survey (Fig. 10) is believed to be the 
most practical gage of this class. It consists of 
I a graduated scale board, 10 feet or more in length, 

^ usually either extending from or contained in a 

• box supporting a pulley wheel, over which runs a 

, heavy sash chain, to which is attached at one end 

I I _ a weight and, near the other end, a marker. This, 

^ as a whole, is fastened in a horizontal ])()siti()n to 

a bridge or other structure, so that the weight 

Fig:. 9.~Simple form of . . i -n • . . -.i 

hook gaffe. when lowered Will come m contact with moving 

water, as the exact point of contact of tli(i w^(dght 
and water can not easily be determined by the observer above if tlui 
water is still. 

Generally the scale board is graduated only for a huigth of 10 f(‘et. If 
tl.G range of stage is greater than that amount, provision must mad<‘ 
for measuring it. This is accomplished by a S(H*,ond and , i n (‘xin^iiKi cas(‘s , 
a third marker, spaced at intervals of 10 feet from tlie first marker. 

The most satisfactory chain so far used for this form of gag(^ is 
Morton^s champion metal window sash chain, No. 1 rc^gular. ’’ Of the 
substitutes which have been used the bc^st is prol)al)ly some form of stcH‘1 
or bronze tape, which will change little if any in lengtli l)ut which lias 
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been found to be liable to break, expensive to mend, and if exposed to the 
wind to offer considerable resistance, making it difficult to take accurate 
observations. Woven wire sash cord and various forms of wire are not 
so satisfactory as they are liable both to kink and to stretch and are not 
easily adjusted in length. 

To read the chain gage the observer releases the chain and allows the 



Fij?. 10.— United Sttitcs Geoloj?iea.l Surv<^y weijsrht fSiXfco. 

weight to lower until it just touches the surface of the water, in which 
position the stage is read on the graduated scale opposite the marker. 

This gage has the advantage of stability in position, as it is above all 
danger from ice and drift. It has the disadvantage of possilde uncer- 
tainties in the datum, on account of cliange in length of cliain, due to wear- 
ing caus(‘d by the moving of many parts upon one another, and by 
changes in elevation of tlie strind ure to whi(‘h it is attacdunL To avoid 
(^rror the chain length, tliat is, tlie haigth from the end of tlie weight to 
the marker, must be frefiiKsitly m(‘asur(‘d and adjust(‘(l to the standard 
length. This adjustment is made either by (uitting out a link or by the 
adjusting device with which the chain is attach(‘d to tlu^ w(‘ight. 
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Float gages , — A non-recording float gage consists of a float arranged to 
rise and fall with the stage. The float carries either a staff or a chain 
passing over a pulley and kept taut by a counterweight. A marker 
attached to the staff or chain at a fixed distance from the float moves 
along a fixed graduated scale board and thus indicates the stage reading. 
If a staff is used on the float it may be graduated inversely and the stage 
observed opposite a fixed marker, or it may be arranged to read as 
explained for the simple form of hook gage. 

This type of gage is best adapted for use in pump houses and per- 
manent buildings erected over the water surface as, under these condi- 
tions, the float and all parts of the gage will be fully protected. When 
the float carries a chain, the same requirements should be o^erved as 
described for the chain on the weight gage. 

ESTABLISHMENT AND MAINTENANCE OF NON-RECORDING GAGES. 

In addition to the points already discussed relative to the establish- 
ment and maintenance of the various types of non-recording gages, the 
following conditions are generally applicable. In this connection too 
great emphasis can not be placed on the importance of conditions affect- 
ing the gage and its reading as the accuracy of all discharge records 
depends largely upon them. 

Installation of gage . — The gage should be so located that it may b(^ 
easily read and ])e without the influence of disturl)ing eff(^cts, sucli as 
l)()ils, backwater, and crosscurrents. It should be graduated to read 
directly tlie elevation above the datum or zero whicli sliould |)la(H‘(l 
well below the lowest water in order to avoid negative stage Headings. In 
order to accomplish this it is generally advisal)le to put tlie z(‘ro at th(i 
ai>proximate elevation of the bed of the river at the lowest ])oint in tlut 
section. 

The construction and installation should be a(xx)inplish(‘d in a thor- 
ough and workmanlike manner, thus assuring the pernian(‘n(‘(‘ of tli(‘ 
gage and the accuracy of the results obtained by it. The scahi board 
should be clearly graduated in accordance witli tlu^ <legr‘(‘(^ of a<‘(aira(‘\- 
expected in the observations, and each foot and tenth mark should b(‘ 
numl)ered, thereby eliminating many errors in readings. Thc^ Raiding of 
the gage should receive special consideration. 

Checking gage datum . — The permanent maintenance of tlie datum of 
every gage is absolutely necessary. To accomplish this it must be refernxl 
to at least two permanent bench-marks from which it can be readily 
(‘becked by means of a level. 
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It will be convenient if one of the bench-marks is fixed on an easily 
accessible part of the bridge or on an overhanging tree or rock from which 
the stage of the river may be directly determined by measurements made 
from it to the surface of the water by a staff or steel tape. Such a mark, 
generally known as the reference point, should be as permanent as pos- 
sible and not generally any part of the gage or gage box. The other 
bench-marks should be placed on objects apart from the structure to 
which the gage is attached, out of reach of possible damage or interference 
and so located, if possible, that the gage can be checked with one set up 
of a level. 

The elevation of the bench-marks should always be determined and 
expressed above the datum of the gage without reference to an inter- 
mediate datum. 

In order that the gage heights may be readily used in flood studies and 
in determining slopes along the river, the datum of the gage should be, 
whenever possible, connected with sea level or with any city or railroad 
datum available. 

In making the original reference and in future comparisons of the gage 
with its bench-marks, the level, if practicable to do so, should first be so 
set as to obtain directly the height of the instrument above the datum 
of the gage. In the case of a staff this can be accomplished by reading 
directly from the gage, or by setting the bottom of the level rod at some 
definite point on the gage. For the standard weight gage the instrument 
should be set below the elevation of the pulley and the gage weight low- 
<Ted until its l)ottorn is on a hwel with the horizontal cross-hair. The 
nniding of the gage in this position giv(‘s directly the height of instrument. 

The height of instrument should not be measured from a water surface, 
Ix^cause tlui (‘kwation of tlic^ surface' of the river may vary materially 
within its width or within short distances up and down the stream. 

In connection with the ciiecking of indirect gages the first operation 
is to check and adjust, if luxx'ssary, the length of tlie intermediate part 
for transferring the indc'x of the gage to the scaki board. This having 
]>een accom|)lished, th(i datum of the^ gage^ should l)e compared with the 
l)ench-marks by nu'ans of a k've^l. 

If the standard chain is usi'd, tlu^ lengtli of the chain from the end of tlie 
weiglit to th(^ markc'i* should ix' m(‘asured carefully undc'r about a 12- 
pound pull. In ordi'r that this m('asur(unent may hi) made easily th(^ 
marker should be phux'd a h'w h'l't from the end of tlui cliain. Nails 
properly spaced in the floor of thc' bridge will facilitate this measurerniait 
and will be serviceable in futun? clieckings of tlie chain length, which 
sliould be made at each subseciuent visit of the engineer to the station. 
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Thi‘ cnigiiMHT should paint or mark plainly on the inside of the cover of the 
l>i)X tlie of the chain and the elevation of the reference point 

from whicth stagti can be determined. 

STILLING BOX. 

A stilling box for eliminating wave action is desirable, and ofttimes 
neccwary, in ecmnc^ction with all types of gages, especially where precise 
records of stage are desired, as, for example, in canals, at weirs, and at 
curreiit metcT stations during low water periods. 

In gentTal sucdi a stilling box may consist of a wooden box or a metal 
pipc^ cnHded in the stnairn around the gage and extending to the bed of 
the strc^ain, into whicdi the water is admitted through small holes, ora 
well coniK^ded wit lithe stream by a pipe as described for recording gages, 
k^vtd of wat(‘r in the stream and in the stilling box must be fre- 
(ju(‘nt!y compared in order to eliminate errors due to the clogging of the 
openings to the box. 

For u-e on staff gages, whether vertical or inclined, a special adjustable 
box is n«*{'<\^sary on account of the great range of stage for which pro- 
vision must bc^ made. A wooden box that has openings through the 
hoi tom and made to slide up and down on the gage may be set at the sur- 
fa{‘(‘ of tile wa!<*r }>y the observer at the time of each oiiservation. Fre- 
cfu<*ntly a tin can or jiail may be utilized in a similar manner with good 
n‘sults. Tht^sp adjustable boxes must be varied and arranged to suit 
particular gag(»s. 


KECORDINC; GAGES. 

Ilecordiiig gag(\s make a record of stages (utiuT (‘ontinuously I ly a curve, 
tlH‘ (*oordiruib‘S of wliicli indicate tlu‘ tiiiH' and the stag(‘, or at stated 
intis’vals of 1 iine by a |)rinting (k*vic(‘. Mlic^ (‘ssential jiarts of re(‘.ord- 
ing gagt* are; (a) a float which ris(‘s and falls witli tlu^ surfa,c,(^ of tin' 
wat«‘r, (Jo a device for transferring this motion of th(‘ (loaf to th(i n^cord, 
either (iirertiy or tluaiugh a nxlucing mecluiiusm, (c) th(‘ nMajrding device, 
and I (7 1 the clock. 

'rhcs(‘ gages should he used wher(‘ the diurnal fluctuation of stage is so 
great and irngular that it is impossilih* to (Ftormiin* (‘Veii ap})roximately 
lhc‘ nn‘a.n daily gagi^ h(*ight from a limit(‘d iuunlx'r of st aff gag(i naidings 
daily, as on stnaims artificially ngulated for pow<‘r or otln/r iiurposi^s, or 
im those‘ fed by melting snow or ic(‘ or subj(*ct to short and violent storms, 
ddicir use is also freciuently necessary in connection with the division 
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of water both in streams and canals, as well as on streams where daily 
observations of stage on a staff gage would be sufficient, but where ob- 
servers are not available. They are also being used increasingly and 
with great benefit in the operation of power plants. 

With each recording gage a staff or some other form of non-record- 
ing gage is necessary in order that the accuracy of the stage record 
may be easily and frequently checked. 


CONTINUOUb-RKCOKD GAGES. 

Various automatic gages have been built to record stage by means of a 
graph. These are generally similar in having a drum for carrying the 
record sheet, a movable arm for carrying the pencil or pen, a clock 
which propels either the pencil or the drum and determines the time 
ordinate, and a float with counterweight which propels either the drum 
or the pencil and determines the stage ordinate. 

Of the many gages of this type that have been devised the Friez,^ 
Gurley, and Stevens^ (PI. Ill, A and C) have been found well 
adapted for general use. The Friez and Gurley gages are similar in 
that they are operated by 8-day clocks, an 
signed to carry one-week records. The time wx J.O ji^xx^xcLxxs^ 
axis of the drum, which carries the record sheet, and the stage o 
is perpendicular to this axis. 

The Stevens gage is operated by a weight-driven clock which can be 
arranged to run from 30 to 90 days by providing sufiicient fall for the 
weight. The record sheet is furnished through a supply roll over a 
main drum to a receiving roll. The supply roll is arranged to carry 
sufficient paper for a year’s record. The graph for any period of time 
can be removed as desired. In this gage the stage ordinate is parallel 
with the axis of the drum and the time ordinate perpendicular to this 
axis. Tlie drum is operated by the clock, and the pencil carriage, 
operated by tlie float, is so arranged that when it reaches either limit of 
the gage sheet it reverses, thus recording any stage. 

It is essential that continuous-record gages be arranged so that 
the graph will not extend beyond the limits of the record sheet. This 
is accomplished on the Friez and Gurley gages by having the stage ordi- 
nate pass around the drum and on the Stevens gage by the reversal of 
the ijencil carriage. 

Manufactured and sold by Julien P. Friez, Baltimore. Md. 

^ Manufactured and sold by Loupold & Voelpel, Portland. Ore. 
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llie Beales of the record sheet will depend upon the range of stage to 
Ixt recorded. The usual vertical scale for large streams is 1 to 10 and 
ft)r smaller streams 1 to 5. A time ordinate of an inch to a day is 
usually satisfactory. The |)0ssible accuracy of a continuous-record gage 
is detenniiied by the reliability of the clock and the amount of lost 
motion iii other |mrts of the gage, which may introduce errors in the 
curve. 

In the operation of the continuous-record gage, visits at regular 
intervals are* necessary in order to wind the clock and change or remove 
the r(*(‘onl shoct (Fig. 11). In changing the sheet, the exact time and 
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as obsorvinl on the staff Rage, should he noted on the face of l)()th 
tile t>l<l and the mav rei'ord sluiets. The (d(K‘k should he set, if inau's- 
sary, and the amount of error in tinu^ also r(‘eor<l(Ml on the old lan-ord 
slH*et. In plaeing th(‘ new sh<‘et eari! must lx* taken to start th(i 
at ilie proper tine* and stage or(linat(‘s. 

I ll addition to thest* n'gular visits, interniediab^ visits should be made 
as fr(‘(|U(‘nily as possii»lt*. in onhu* to insun‘ tie* aeeuracy and coiitiiiuity of 
tie* record. Tie* exact tine* of such visits, togidhiT with the stage* as 
d(‘terniined by tli<‘ staff gage^ and other pe'rtiiKait nob'S, should lx* niade^ 
oil the face of tin* roeord sh(‘ei or in a S[)(*(‘ial note hook and rede'rrexl to 
the curve* by an arrow pointing to tlui location of the pencil point at the* 
tine* of tlie visit. Wh<*n a note hook is us(*(l each entry sliould lx* 
nunih(*r<*<i and <lat(*d both in the* Ixxek and on the record sheet. 

The continuity of a record obtaim-d i)y tliis type of instrument does 
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not necessarily indicate that the record is accurate. The above pre- 
cautions are therefore of importance. Full notes of all conditions which 
may in any way affect the record or its interpretation should be made 
on the record sheet or in a special note book at each and every visit 
of the observer. 

The following sources of error are inherent in continuous-record gages 
of the float type: 

1 . Difference between elevation of water in the float well and the river. 

2. Inaccurate starting of pencil on the record sheet. 

3. Lag in the mechanism which prevents the recording pencil from 
responding promptly to changes in stage. 

4. Errors in the clock. 

6. Insufficient scale of both time and stage to enable accurate inter- 
pretation of the record. 

6. Imperfect printing of the record sheet. 

7. Expansion and contraction of the record sheet due to moisture. 
This can be partly eliminated by placinsr cubes of camnhor or other 
absorbents in the gage box. 

The mean daily gage height may be 
record sheet in three ways : 

1. By taking the average of readings at regular intervals of time, 
depending upon the variation in fluctuation of stage; 

2. By means of an ordinary planimeter, in which case the area 
bounded by the curve and its base line is divided by the length of the 
base; 

3. By the Fuller integrator, which gives the mean height directly by 
tracing the line. 

In certain studies it may be desired to plot on the record sheet the 
curve of corresponding discharge or run-off, from which the mean daily 
discharge will be taken. 


I NTKUMirrKNT-KECORI) GAGES, 

The only successful automatic gage so far constructed which prints 
the stage and the time at r(‘gular intervals of time is the Gurley gage 
(PI. Ill, B) wliich lias been dc^signed and built along lines suggested by 
the engineers of the Water Res()urc('S Branch of the United States Geo- 
logical Survey. This gage is free from lost motion and the time and 
stage are printed (Fig. 12) to the nearest hundredth of a foot each 15 
minutes. The gage is operated by a weight-driven clock and, with 
sufficient fall for the weight, will run 60 or even 90 days without wind- 
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iiig. It is co»:r|»ct, siimll and coinimrativdy simple in construction, 
aiid is adaptc^d to w<»rk where the highi^st <h*gna3 of acaairacy is desired. 
Tine n»K‘hanisin of the gage sets ou an iroii Imihc 14 inches scpare and is 
coveml with a tight metid cover ak)ut 21 iiudies higli which protects it 
from both dust and mimiure. 

The recording ini*clianisni cjonsiatsof three parallel type wheels (behind 
the dock), on the face of which are raiHcd hgures and divisions. On the 
first of tlicsi? wheels the |)erkMls of time, from 1 to 12 liours are indicated 
at intervais of 15 minutes, for nx:*or(,ling time. 
The height is rmirded liy tlm other two wheels, 
one of which carries the fecrt-niimbers to 86 feet 
and theotlier theteiithsimd ImndredtliBX)! a foot. 

The tiine4y|M:! wlieel is controlled l)y a wenglit- 
driven <diK»k, whi<*h is so constnK‘tt‘d as to endun^ 
<‘hangf'8 in tem|H*rature without variation in its 
regular 

TliC' two wheids wliitdi indic’att* tin* st.ag(! of tin* 
river an* artuatcil by a fiuat which with itHc'oimter- 
wtighi is HU|»|K>rled i»ya nn‘tal band iH*rforated at 
intervals to fit ovf‘r tin* pins in tin* |H‘ri|)liery of 
tin* pulh*y wlic^d attacln'tl to tin* height wh{*el 
uvef wbieli it rnit'^, 

'riii* rerun! is inuiie l>y tin* striking of ;i nn'ehMtn 
irally artuated i-nsiTn ini‘»l hanuner, (‘Vtay lo 
ininut*'s, against a stri{M»f pafM*r \vhi(‘li is hark(‘(i 
witli a earbfm strip and passed uvm’ tie* fae<‘ of 
the t3’p*‘ whirls, dde* feeiird jiapep ainl earhen 
pa|wr ar«* unwound frniu s»' pa rate s penis and takmi 
nonH fwn nth‘‘r s|MH)b, after they pass over the 

type W'h* -'els. 

M;iiii!enanee mF litis gage, in addition to g(‘neral 
iiupeetii»ii, !'f(|uires attention in r«‘gard to the 
foi!i iw: ng : 

I. t lierk the n-huiou uf Water in and oulsitje the float well. 

:i. See that the slag*- 1 >' p** wheel rei-ording eorreiUly. 
d . i 'heek the eleek . 

4, If dis-ire l, reiiiMVe tii** reenrd printed since the last, visit, 
o. A histerv of eaeh vi*it, of ehang<*s, and of work <lone should he 
iriade in a speeinl note !»onk and referreef to hy (iate and numl>cr both 
on tin* remrd sheet and in the hook. 
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Plate IV. 



BOX SHELTER FOR RECORDING GAGE. 
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INSTALLATION OF BECOKDING GAGES. 

A large element in the satisfactory operation of any automatic gage is 
its proper installation, which will determine the accuracy of any record- 
ing gage record. Improper installation will deteriorate the results from 
the best of gages, while with an adequate installation the accuracy of the 
results is only limited by the construction of the gage. If the expense 
of an automatic gage is to be incurred, approximate results are not satis- 
factory and it is, therefore, essential that the installation be so thorough 
as to eliminate any question of the accuracy of the results. Special care 
and thoroughness in installation are necessary if the records are to extend 
over winter months and times of freshet, in order that freezing and dis- 
turbance from floating ice and debris may be eliminated. 

In installing an automatic gage (PI. V, A) it is necessary to provide a 
well, connected with the river, for the float; a house to shelter the gag6; 
and staff gages with bench-marks for checking the record and naaintain- 
ing its datum. Local conditions will usually determine the method and 
details of the installation. (PL IV, A.) 

In the ideal installation the well and the house should be located far 
enough back from the river to be out of danger from floating ice or drift 
and to provide sufficient protection for the well and pipes to prevent 
freezing. The bottom of the well must be below the lowest stage and not 
less than feet square. It should be provided with a permanent ladder, 
extending to the bottom, so that the float and intake pipe can be readily 
inspected, and if the gage is to be maintained for a long period of time it 
should be lined with concrete. Otherwise a heavy plank lining can be 
substituted. The float pipe should be not less than 4 inches in diameter 
and the intake must be well below the lowest stage of the river and pro- 
vided with a screen for keeping out silt, etc. It should also be provided 
with a check gate as it enters the well, so that the flow can be reduced to 
eliminate wave action. The best material for the intake pipe is spiral- 
welded steel with flange unions. 

The shelter for the gage should have inside dimensions of at least 5 
feet square and 6 feet high, in order to provide sufficient room for the 
observer to conveniently look after the gage. The house should have a 
window and the door should be closed when the cover is removed from 
the gage, to keep out dust. The floor should have a trap door for entering 
the well and a ventilating pipe should be provided both for the house and 
the well, in order to eliminate the dampness. The stand for the gage 
should be high enough to provide for its easy inspection. 

The most satisfactory material for the house is concrete with metal 
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covering on the roof and door which will insure the gage against destruc- 
tion by fire or from being otherwise disturbed. Many automatic gages 
in out-of-way places have been destroyed by being used as targets for 
rifle shooting. 

Two staff gages, referred to permanent bench-marks, should be installed 
with each automatic gage in order to check the readings with the stage 
of the river. One (preferably a hook gage) should be located in the float 
well to determine whether the water in the well is at the same elevation 
as in the river, and the other should be placed in the river and of a type 
best suited to the locality. The river gage should be in the same cross- 
section of the river as the intake pipe. It may, however, be dispensed 
with by the use of a reference point so located that the elevation of the 
water surface, can be easily determined from it. 

When the well is properly constructed and located back from the river, 
there should be no danger from frost, even in temperaturcns as low as 30 
degrees below zero. In case there is danger from freezing, it can be pre- 
vented by arranging a floating lamp in the well, or by hanging an el(*<!tri(5 
light bulb near the surface of the water. Where the float is in a tul)e of 
small diameter, freezing can be prevented to some extent by i)ouring oil 
in the well. 

The best type of lamp ivS a floating iron kettle Buspend(‘d by a countta - 
weight. In the kettle a tight cover, carrying a burner, should Ix" soldenx! 
a few inches from the top. Such an arrangement will provi^h* for i.wo or 
three quarts of oil, which, with an ordinary lamp buriK^r, will burn mweml 
days. 

BTRUarUKKS FOR MAKING DlSCHARCiF MFASUHian*:N'rS. 

In addition to gages, as already (l(‘scril)(Ml, ngular gaging stations 
must 1)(‘ |)rovi(l(Mi with — 

] . A stnieture to support th(‘ (‘ngiruaT whih^ ohscaving tln^ v(‘locity and 
(i('pth, whc*n tln^ str(‘am is too largt^ to pc'rrnit making measureiiKait.s !)y 
wading. 

2. A (•al)l(‘ and stay line to hold th(^ in<‘t(‘r in the vaai ieai wluai the 
sourulings and vc^loeity ohscuvations an^ made. 

3. A graduatiMl lin(‘ for indicating th(‘ <iistaiic<‘s b(‘tW(Mai t he points oi 
measunancait. 

STKU(''rijHE FROM WHICH MEASUREMENTS ARE MADE. 

Discharge measurements will bo made either (1) from an existing or 
specially constructed bridge (PL II, B), (2) from a cable carrying a car 
(Pis. IV, B, and V, A), (3) from a hojit ladd in position by a catde 

or guy line. 



Plate V. 





A. TYPICAL CABLE STATION WITH AUTOMATIC GAGE. 


ii FYPICAl r.AGlNG STATION FOR WADING Mf- ASURl ME: N T 
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BRIDGES. 

When existing bridges are available in localities where the conditions of 
channel and current are suitable for the collection of a good discharge 
record, a gaging station may properly be located at such structure, and 
when so located it can generally be installed at a minimum cost. Ideal 
conditions for measurements are not usually found at existing bridges, 
and stations so located generally involve the sacrifice of accuracy to save 
expense. The selection of a gaging section without reference to existing 
structures makes possible the securing of better conditions of measure- 
ment. A material saving will be made thereby in maintenance if the 
station is to be continued through a considerable period of time, even 
though the first cost of the station is large, because fewer discharge meas- 
urements will be necessary for determining the station rating curve. 

If the stream is not too large, a special cheap wooden or suspension 
bridge may often be constructed advantageously. 


CABLES,^ 

In the absence of a bridge as a support for the engi’^''""* ’ 
observations of velocity and depth, a cable for carrying 
stretched across the stream. The equipment and appurtenances for such 
a cable station (PL IV, B) consist of the cable, supports and anchorages 
for sustaining it, turnbuckles for regulating the sag, and a car for car- 
rying the observer. 

The cable , — Iron or steel cable of sufficient tensile strength to sustain 
the car and two men, in addition to the weight of the cable itself, should 
be used. The stress in the cable due to a vertical load will increase as the 
sag decreases. Consequently the cable is least safe when the sag is a 
minimum. In the following table the diameter is computed for a live 
load of 450 pounds on the cable at the center of span and an initial ten- 
sion corresponding to the sag given in the table. With an ultimate 
strength of 80,000 pounds per square inch the factor of safety for these 
dimensions is about 5. The sag given in the table is the least allowable ; 
if it is increased, the factor of safety is increased. In making connections 
the cable should not be bent to a shorter radius than three diameters and 
the turnbuckle and connections should have a safe working strength of an 
amount given in the last column of the table. Galvanized cable, pulley, 
etc., should be used, in order to delay corrosion. 

'‘Engineering News. May 6, 1909. " The Design of Cable Stations for River Measurements.” by 
J. C. Stevens. 
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Proper diameter and sag of galvanized steel cahle^ with live load of 450 pounds for 

spans of 100 to SOO feet » 


Span. 

Diameter. 

Sag. 

Stress. 

Feet. 

Inches. 

Feet. 

Feet. 

100 


4 

2,938 

200 

A 

6 

4,167 

300 


8 

5,061 

400 


10 

6,300 

600 


12 

7,813 

600 

1 

12 

10,125 

700 

1 

14 

12,626 

800 

a 

15 

16,660 


Supports . — ^The nature of the supports for the cable will depend on 
the physical characteristics of the location. It may be supported either 
by some natural object, as a tree or cliff, or by some form of artificial 
tower. 

Frequently trees are properly located to serve as supports, and when 
so located may be cheaply and satisfactorily used. The only objection 
to them arises from their swaying in the wind. Protection in the form 
of wooden blocks must be provided for the limbs which support the cable 
to insure that the motion of the tree shall not speedily cause the destruc- 
tion of the support. A better way, when possible, is to pass the cable 
through a pulley block, which, in turn, is attached to the support. Large 
rocks, when available at sufficient elevation above the stream bed, make 
excellent cable supports, as the cable can be connected directly to the 
anchorage. 

In case artificial sui)ports are required the form will depend somewhat 
on the height necessary. For low support and a short span, a single 
post, 10 to 14 inches in diameter, set firmly in the ground, is sufficient. 
When, howevtn*, heights greater than 12 or 15 feet are necessary, '"shear 
legs- (PI, I V, P>) are generally used. In their construction two jK)sts 
(8 inches ])y 10 inches or their tiquivalent in round logs) should be set 
in the ground 10 to 15 feet apart at the base, inclined toward each other 
so that tliey will be 2 to 5 feet apart at the top, and connected by at 
least thr(‘e strong pieces s(Huired to them by bolts fitted with washers 
and nuts or by '‘drift bolts - of suitable hmgths; or these posts may be 
s(‘t so that th(\v will cross luair their ends, and should tlieii be fastened 
to each other by two or more bolts with nuts. The cable may rest on 
tlie top cr()ss-l)ar in tiie first instance or in tlie crotch in the second 
instaiuie, but in fithw case should preferably l)e passed through a pulley 
block at the end having the turnbuckle. All towers should be well guyed 
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so they can not move toward the stream. In crossing the shear legs 
the cable should make equal angles with the legs on both sides. 

Anchorage . — The form of anchoragewill vary with different conditions. 
If solid rock is available, an eye-bolt split at the lower end and driven 
against a wedge may be set in a drill hole, which should then be com- 
pletely filled with sulphur, lead, or Portland cement grout. If no solid 
rock is at hand, a ^'deadman,”made of a log 8 to 12 inches in diameter, 
may be buried in the ground below the limits of frost and at least 4 feet 
deep, the length of the log and depth in the ground depending somewhat 
on the span of the cable. 

The anchorages should be so arranged by means of long eye-bolts 
embedded in concrete, or auxiliary cables attached to the ^^deadman,^^ 
that the main cable and its connections will be exposed for inspection. 

The cable should be attached at each end to two independent anchor- 
ages or supports. In case posts are used for supports the cable should 
be attached to them by means of a short piece of cable with clips. A 
support which is not set in the ground should be guyed to anchors of some 
kind, both forward and backward, and the cable attached to it. In still 
other cases it is advisablq to make a second independent anchorage in the 
ground. 

Turnbuckle . — A turnbuckle for use in taking up sag, having a c 
of 2 to 6 feet, should be inserted in the cable on the side of the rivei i 
which tlie engineer approaches the station. This should have right-ana- 
left siirews and not a screw at one end and a swivel at the other. 

An arrangement can easily be made whereby one man alone can tighten 
the cable, even if a greater length than the capacity of the turnbuckle 
must be taken up. This is accomplished by means of an auxiliary cable, 
which spans the turnbuckle and is clipped to both the main cable and 
the anchorage. The turnbuckle having been unscrewed and in that 
condition clipped to the main cable, the auxiliary cable is released and 
the turnbuckle drawn up. If the capacity of the turnbuckle does not 
remove a sufficient amount of sag, the auxiliary cable must again be 
clipped to the main cable and the turnbuckle released, unscrewed, and 
slipped along the main cable to a new position and the operation repeated. 

Car . — The car should be made about 5 feet by 3 feet and about 1 foot 
deep and attached at each end to a pulley on the cable by means of iron 
or steel straps or l)y light cable, or by wooden standards, never by manila 
or cotton rope. If wooden standards are used, they should be so securely 
attached to the car that in case of accident they will not be wrenched 
l<)os(‘. Idat(^ IV, B, shows an excellent type of ear. The details of the 
iron work for this car are shown in figure 13. The car in operation is 
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shown on Plate V, A. For safety and ease in x)ropelling the car, a puller 
as shown on PL IV, B, should be provided. 
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Kui. i:i.— Details ol' llaiiKers lor < al)l«^ < 'ar. 


lioat stations as ordiiairily eqiiii)iH‘(i a, re unsatisfactory on account of 
ihv. (liffi{*ulty in holding tliti boat in i>osition, in making soundings and 
in o{K‘ra.ting tlu^ met(‘r. Ferry boats operatt'd from cables ca,n oftim be 
advantageously uscmL In tin* in(‘asur(an(‘nt of la.rgtj rivtu’s, as in thc^ 
work of tb(^ Corps of KngintHU’s, llnittid Stat(‘s Army, on tluj Niagara, St. 
I.aAvrenc(‘, and otlua* largt? rivers, specially constructed catamarans'* with 
spt'cial ('ciuipment for th(‘ir control and operation, have bcicn used witli 
great success. Siudi (‘quipment is expensive and is generally a|)plica,l>le 
oidy for sp(‘cijd inv(‘Stigations on large streams. 

*bsee reports of U. S. Lake Survey. 
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STAY LINE CABLES. ^ 

In order to hold the meter in the vertical when making measurements, 
all stations should be equipped with cables and stay lines (PL V, A). 
The cable need not exceed one-fourth inch in diameter and for ordinary 
stations a cable of No. 10 or No. 12 galvanized wire will be ample. It 
should be located from 30 to 100 feet above the measuring section, de- 
pending on the width and depth of the stream, and should carry a ring 
about 3 inches in diameter, through which a small rope is run, one end 
of which is connected to the upper end of the meter stem and the other 
end is held by the man operating the meter. In operation, the ring 
moves freely on the cable and the rope slides through the ring, thus 
enabling the observer to hold the meter in any desired position in the 
stream. A cable and stay line are easily installed and manipulated and 
are indispensable for obtaining accurate measurements when the veloci- 
ties and depths are considerable. 

LINES FOR INDICATING MEASURING POINTS. 

In order that the measuring points at a gaging station may be easily 
located at the time of making measurements, and that the distance 
between the measuring points may be readily detr — ^ ^ 
referred to a fixed initial point, and the section oixuuAu uw uiviuea ii. 
regular intervals by permanent marks placed on the bridge rail or floor, 
in case of a bridge station; on the main cable or on a secondary tagged 
cal)le, in case of a cable station; and on a tape or tagged line stretched 
across the stream for measurements made from a boat or by wading. In 
the latter case, if it is not practicable to leave the line in place, the initial 
point should be so located that the line can be stretched for each discharge 
measurement in the same position as for previous measurements. 

ARTIFICIAL CONTROL. 

Streams wliose beds and banks are shifting either at the gaging section 
or in the channel below the gage in such manner that the relation of 
stage to discharge is not stable or which afford no satisfactory section 
for making discharge ineasurcunents may ri;quire tlu^ building of arti- 
ficial (‘ontrols for corriH^ting these (‘onditions (IM. VI, B). Tlie |)ra(‘tica- 
biliiy of constructing such controls whicti may he considenul csscnitial to 
tlu5 c.stal)lishnu‘nt or improv(‘nient of gaging stations on many stn ains, 
is limited by the cost of building and maintenance, both of which dei)end 
largely on tlie size and regimen of the stream. As generally constructed 
artificial controls are essentially low submerged dams but oc;casionally 
they are of the free overfall type. Tliey vary in size and shape with the 
accuracy of rcjcord desired, tli(^ character of stream, the nature of bed 
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and banks, and the situation with respect to availability of labor and of 
materials for construction. In general, it will be desirable to build a 
control of concrete or timber well anchored to the banks and bed of the 
stream by means of abutments and sheet piling or other cut-off walls, 
A reef or bar of gravel or boulders grouted with cement may prevent 
change of channel and take the place of a more elatorate structure. 

The essential features of an artificial control are (a) stability, (b) 
tightness, (c) sufficient height to serve as a control at all stages, (d) suf- 
ficient width in some instances to furnish a measuring section, (e) crest 
of such shape as to give a proper degree of sensitiveness to the station , 
(f) clear channel of approach, and (g) position near the giige. 

Stability of the stage-discharge relation is the principal object sought 
in constructing an artificial control. The structure itself must, there- 
fore, be so built that it will be stable at all stages without serious danger 
of failure by undermining or washing around the end and that tlnj 
crest will retain its elevation and shajK) undta- the Hev{n*e ctonditions of 
abrasion pertaining to streams that carry large quanti ties of sand, gravel, 
and even boulders. The conditions for 8tii!>ility are tliose iHjrtaining to 
Abrasion of crest may \m re(lu<‘i‘d to a niinimum Ijy a 
laced in the crest of a control. Such lip is most effective if 
placed near the downstream cnlge of the crest wlieri* it will serve Iwth to 
give a free overfall at low stages and to liold a <‘ovtT of sand and gravel 
on the upstream slope for its protection . 

As an artificial control is constructed in order to make {K)BBible the 
collection of a good record of discharge l)y means of a record of Btag(‘, it 
is essential that j)ractically all of the water sliall forced to flow wlnn-f* 
it will affect the stage. Conditions that will permit the ijassage of 
appreciable quantities of water through or around a control in strata of 
sand, gravel, lava or other material will not give BatiBfaet<»ry results. 

The height necessary for an effective contn)! will vary witli th<* size 
and slope of the stream at the control and the sh^pf* and other eonditions 
of bed and hanks below. The lower th<^ control and tlie 1(*hb tie* de- 
parture from the natural conditions of ehanrnd the smalh^r will h(‘ the 
eff(‘Ct of running water in tearing down the Htrueturi* and tla* cheaper 
will he its construction and inainhaiaiHae The heigiit of jm artificial 
control must l)e sufiicicait to pr(*vent its drowning at mtsHum and high 
stages by the l)ackwater from a secondary and slufting natural control 
below. The smaller the slope of a stn*am and tlie mon* restric'ted and 
tortuous the channel l)elow the control t in* gn-ater th(‘ height ncisled for 
efficiency. A stream of rapid fall below tfo' (‘ontrol off(‘rs little eliam‘i; 
for drowning of one control by l>aekwat(‘r from a, control below. Tlw 
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NATURAL CONTROL. 
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ratings for certain gaging stations shift only in the low-water sections. 
For such stations artificial controls of sufficient height to govern the 
stage-discharge relation throughout the range of shift will evidently 
accomplish the purpose as well'as higher controls. 

On rough mountain streams it is often difficult to find gaging sections 
at which reasonably accurate measurements of discharge, especially at 
low water, can be made. A section that is cleaned up and made reason- 
ably smooth may fill with boulders during the next high water. On 
such streams it may be advisable to construct artificial controls with such 
width of crests, 12 inches or more, as to afford measuring sections. 

The shape of the crest of an artificial control in elevation across the 
stream will determine the sensitiveness (p. 46) of the gaging station 
and therefore the accuracy of the record that can be collected. The 
greater the fluctuation in stage for a given change in discharge the less 
the refinement needed in the record of stage to obtain the desired accu- 
racy in record of discharge. A long level spillway will create a pool 
that will fluctuate slowly and in which the stage must be recorded with 
great accuracy if reasonably accurate estimates of flow are to be made 
therefrom. The crest of an artificial control should therefore rise by 
steps or slopes from the lowest portion which may be in the center of 
the cliannel or nc^ar either bank, to 

with tlic size of the stream and the accuracy ui recuru uebireu. 

Th(i clianiKd of approach should be clean of boulders, debris, or vegc- 
tjition in onha* that the artificial control may be effective in maintaining 
a 8tiil>h‘ rfdation of stage to discharge at the gage. The control should be 
situated as n(‘a,r tlic gage as is practicable and at only sufficient distance 
from it to insure* that the gage shall at all stages be in Stillwater above 
the sharp surfac(* slope immediately above the control. 


INSTHI'MICNTS for, l)F/ri:HMININ<J CUMAT()IX)(U(^^ DATA. 

In tin* study of tlu^ liydrology of a given area the engineer will often 
m‘fid to consider tin* (‘lirnatologic^al conditions which affect the quantity 
and distrii)Ution of wa,t(‘r siq)ply. In such studies it may be neces- 
sary to coll<‘ct data, in r(*ga,rd to : — (1) l^recipitation in the form of rain; 
(2) precipitation in tin* form of snow; (H) evaporation ; (4) tempera- 
tun‘; (d) rela.tiv(‘ humidity ; ((>) wind mov(an(*nts. 

The m<‘ thods and instrunuaits of the*. U. B. Weatla'r Bureau, repre- 
senting \\w best i)ractic(‘ for coll(‘cting dinaitological data, have been 
(leseribed in bulletins of that bun^au, which ma,y be obtained upon 
applicat ion . 



CHAPTER III. 


VELOCITY-AREA vSTATIONS. 

Velocity-area gaging stations are divided, according to the method l)y 
which the velocities are measured, into current-meter, float, and slope 
stations. Current-meter stations are further divided, with respect to the 
facilities for making the observations, into bridge, cable, boat, and 
wading stations. 

The data m^cessary for continuous records of stream-flow at velocity- 
area stations are, first, results of measurements of discharge, and, second, 
ri‘(‘ords of mean daily stage. The collection of such data requires four 
d is ti 1 1 ct proceed u res : 

1. Helection of a site for tlie gaging stations, 

2. Kstal)li8lnnent an<l maintenance of tluj station, 

i*ment of discharge, and 
ition of stag(‘. 


SIOLKCTION OK SITK. 

KIOQOISI'I'K ('ONDITIOXS. 

(’omiitions that determine desiral)ility of a site for a velocity-area 
station coinprisi*, first, conditions tliat insure good measurements of 
diseliarge ami stage, second, thos(‘ that aff(‘(‘t th(‘ computation of flow a,t 
times wiien measurements of discharge arc not made, and, tliird, those 
that afh‘et the cost of obtaining tlie records. 

CrmilitioiuH pvrUuniag to vifamrcinnits of jUrw (vnil doge. — The nH‘a,sur(;- 
imeitof diseliarge by current inoUn' requin‘S a fairly smootli i)ed and a, 
!n(‘asurahIo and uniform velocity of current. TIk^ V(*locity oF tie* curnait 
sliould h(* uniformly distri bubal tliroughout tla^ S(;ction, wliicli should 
show no marked (‘ddies, cross currents, or l)oils, and its ni<‘a,n should 
not i)e less than O.o foot p«‘rs(‘(‘ond at low stag(‘s. M(‘asiir(‘meiits to lx* 
made ly floats or hj' drpa'minationsof slojx^ n‘quir(‘ also a simight stndeh 
of (dianuel, 200 to 1,000 h^et long, througli which the (a'oss-seetion and 
velo<‘ity art^ rfasonaldy uniform. 

Tho sito slioiild bo so sel(*ctod tliat th(i gagi^s for measuring stag(‘ fuay 
Im‘ o<*(>iiomi<‘aMy installod aiul may lx* readily a,('(‘essil)le for laaiding. 
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Conditions pertaining to computation of flow . — The essential conditions 
affecting the computation of flow are permanency of the relation of stage 
to discharge and the sensitiveness of this relation. 

The elevation of the water surface of a stream flowing in an open 
channel is regulated from point to point by certain features that may 
conveniently be referred to as control sections. A control section may 
be a dam or weir, the crest of rapids or abrupt falls, a bar extending 
across the river, or, where the slope is uniform throughout, a long stretch 
of the river bed itself. The slope of the water surface above each control 
section is determined by the height of water at the control section. 
Computations of daily discharge are based on the assumption that the 
discharge of a stream for any given stage is unchanged so long as the 
character of the river at the control section remains unchanged, and that 
it varies with the stage according to some law. This relation between 
stage and discharge makes practicable the construction of a rating curve 
from a few measurements of discharge made at times which cover the 
range of stage. This rating curve is, therefore, the graphic representa- 
tion of the formula for computing the discharge over or past the control 
section, and by its use the flow can be computed from records of stage 
at times when discharge measurements are not made. Any change in 
conditions at the control section will modify the relation between stage 
and discharge and make necessary the construction of a new rating curve ,* 
if, however, the conditions are permanent, measurements made in dif- 
ferent years will define a curve that may be applied to a record of gage 
height extending over an indefinite time to obtain estimates of discharge. 

A permanent control is, therefore, of prime importance for a gaging 
station maintained for the determination of daily discharge, as otherwise 
it is necessary to construct new rating curves after each shift, and if 
sliifting is continuous, as in many streams in the Southwest, one or 
more discliarge measurements a week may be required. 

Attention is particularly called to the fact that permanence of flow past 
the gage is the essential condition, because the records of gage heights 
and the rating table pertain to the section at the gage and not necessarily 
to the section in wliich discharge measurements are made. This involves 
the r(‘quirement that the bed and banks at the control section shall be 
permaiK'iit. The sliifting of a bar of sand or gravel in tlie channel 
below the gage may nad^e a decided cliange in the relation between 
(iiscJiarge and gage height, even tliough the cross-section at the point of 
the rneasuiamKiut remains uiudianged. On the other hand, a permanent 
or halge extending across the stream a short distance below the gage 
will control tlH‘ relation between gagi; height and discharge, even though 
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the bed at the measuring section or at the gage may change. Stations 
established under such conditions of control give excellent records. 

The relation between stage and discharge may be disturbed by various 
modifying conditions even when the natural control is permanent, and 
care should be taken in the selection of a site for a station to avoid those 
conditions, which may occur in the backwater from a dam as a result of 
intermittent diversions, or result from the choking of the river with 
flood water discharged from a tributary below, or from the temporary 
accumulation of ice, logs, or other drift. 

For a given stream the shape and size of the control will govern the 
magnitude of change in stage resulting from a change in discharge. 
This relation is referred to as the sensitiveness of the station, and the 
station should be selected so as to give as large a change in stage as is 
possible for a given change in discharge. Estimates of flow at non- 
sensitive stations which have relatively small fluctuations in stage, are 
liable to large errors on account of lack of refinement in the determina- 
tion of mean daily stage. 

Co7idUiO'ns perUtinmg to cost of records , — Three principal factors enter 
into the cost of obtaining stream-flow records — the character of th(^ 
records, tlie jK)sition and character of the gaging station, and the instru- 
ments and equipment to l)e used. 

1. The cliaraeter of tlie records will depend on the use for which the 
data are needed and tlie length of time that the observations are to be 
continued. 

2. The |X)8ition and character of the gaging station will depend on the 
characteristics of the n^girnen of the stniain, the acceH8il)ility of th(^ 
station, the availability of gage readers, and the permanency of the con- 
trol, which (let(‘rmine8 the number of discharge measurements necessary 
for (jomimting daily discharge. 

3. The instruments and equi{)ment for (‘ollecting the data will (ie|H‘nd 
on the neec‘Hsity for a recording gag(*, tin* availability of structureB or 
equi[)ment by means of wliich velocity and d(q)tli may be measured, and, 
in the alwenet^ of a Ruitably loeattMl bridge, conditions of bank favorablt* 
to an<*horag(*s and sup}K)rt for a (‘able. 

KKeoNNAlSSAX* K 

A gaging station should l)(‘ established only aft<‘r a thorough r<K;on- 
naissaiHai has h(‘en mad(i of the section of the rivc'r in which the station 
is to }h‘ |>latMMi. As object of this reeonna.issa,n('(‘ is to find th(‘ best 
sitr to furnisli tin* desired results, it should Ixj niad(^ if possihb', during 
a low stage the river and, if f(*asi}>Ie, should !>e su|)pl<‘nient(‘<l !»y 
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an inspection at a high stage. At low stages the bed can be carefully 
examined, and the minimum velocity can be determined, and a fair 
estimate of conditions^at high stages can also be made. At medium and 
high stages it is generally impossible to examine the bed or to make any 
estimate of velocity at low stages. 

Careful notes and sketches should describe the conditions at the 
localities examined, as the position of the station can not be finally 
chosen until all possible sections of the stream have been inspected. 
The notes should be complete in all details and should include negative 
as well as positive information. 

In making the reconnaissance consideration should be given to the 
three requisite conditions that have been described, and the recorded 
information should include the following subdivisions of these topics: 

1. Conditions pertaining to measurements of flow and stage, including 
(a) the type, dimensions, and location of the gage or gages ; (b) the 
velocity and distribution of the current of water; (c) the bed — whether 
rough or smooth, permanent or shifting, and (d) the section of river 
available for determinations of slope when measurements of discharge 
are to be made by the slope method, estimated length, curvature, slope, 
obstructions, facilities for measurements of cross-sections, etc. 

2. Conditions pertaining to computations of flow, including (a) the 
location and character of the control section ; (b) the proximity of dams 
or tributaries above or below the section and their probable effects at 
the station and (c) the banks — shifting or permanent, wooded or clear, 
high or low, etc. 

3. Conditions pertaining to cost of records, including (a) the accessi- 
bility of the site; (b) the availability of gage readers and their qualifi- 
cations; (c) the estimated cost of establishment of the station ; (d) the 
estimated annual cost of maintenance, and (e) the structures available 
for supporting the engineer in making measurements, or, in the absence 
of such structures, the span, supports, and anchorages necessary for a 
cable, with a statement whether or not all flood water passes under the 
striu'tiirci or cable. 

The H(il(‘cti()n must be determined largely by the facilities afforded for 
ohtiiining an ac^ciiraU*. nx^ord of stage and for measuring precisely the 
area of eross-scx'tion and tlu‘, v(‘locity of the curr(xit. 

In gemn-al it has been found <x:onomical, in the end, to establish a 
gaging station where conditions are good, even tliough the cost of instal- 
lation may l)e relatively great, as the cost of operation and maintenance 
will prol)al)ly he less and the records will be more satisfactory than at 
stations where conditions are j)oorer. 
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ESTABLISHMENT AND MAINTENANCE OF STATIONS. 

The site for the gaging station having been selected, the routine of 
establishment and maintenance will depend on the equipment necessary, 
that is, on (1) gages, (2) structures for making measurements, and 
(3) controls. The character of the equipment and the manner of its 
installatum will in large measure determine the accuracy and cost of the 
reeonls. Money expended in the initial installation will generally 
materially redu(*e the cost of operation and maintenance, and thus reduce 
the cost of tht‘ records. 

OageB . — The type of gage to be used will depend on the physical 
conditions at the site, the availability of a gage reader, the importance 
of tlui station, and tlie number of readings necessary for the proper 
determination of th(‘ mean daily stage. In general the gage or gages, 
with the niK‘(‘Hsury bench marks, will be first installed in the manner 
di*8crii>ed on |)agi*8 23 to 36. 

Tlie di*terinining factor in the use of a staff gage will be the availability 
n^adtT, lack of which will render the use of a njcording 
ry, evi‘n though otiier conditions may l)e favorable for a 
ig gagi*. Tlie accuracy of the records of stage will depend 
largely on tin* ease with whicdi the observations can be made ; therefore the 
gagi‘ should hi* HO |)la(‘etl an to be readily accessible, and tlie convenience 
and <*ven tlie comfort of th(» person reading and caring for the gage 
should In* insun*d by facilitie.s provided in the vicinity of the gage. 

If tin* gage is nut Iocat(‘d in th(» section in wliich rncter nieasurerricrits 
are made, an auxiliary gagt^ or, preferably, a reference point slioiild he 
l>iueed in measuring suction, in ord(T that a standard cross-section 
may be usi*«i fur determining the area factor of tlie diseliarge. 

It sliuultl be liurne in mind that tlu^ rating eiirvi‘ of diseliarge applies 
to tlu‘ eruss-S(M-t ion of the. river in which tin; gag(i is located. Therefore 
the loealiun of the gag<‘, cnee d(‘eid(‘d upon, should not be clianged 
witlmut goud rrasun, as ndoealion will r(‘C|uir(,‘ the (i(?vi‘lopment of a new 
rating eiiia 'a I f it is euiisiiiered n(‘eessary or d(‘siral)le to n'plaee a gagig 
the mov (me if instailed in th<* sane/ siM'tion should l)e niadii to read from 
the same datum as the old one., unh.‘ss tle'n* is .some (‘XcadUmt r(‘as()n to 
the contrary. Furthermore, se(‘on(ia,ry gages should he avoided exee[)t 
where necessary for determining slo{)(‘S or tlH‘ areas of cross siH'.tions at 
the UH'asuring s*‘etiuii , Idiis pn‘eautiou is ii(!(‘e;ssary h(H‘ause, for a. given 
(‘hange in disehargt*, tlu* stage will vary difTenmtly at different cross-sec- 
tions htM>ause of dilT«“reii(‘es in condition of channel. 

fnr tiinknuj intni<u nine nis. — (len(*ral discussion of structures 
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for making measurements appears on pages 36 to 40, but two important 
considerations, the safety of the equipment and the ease with which it 
can be used, are here mentioned. As the lives of the men who are to 
make the measurements will depend on the strength of these structures, 
liberal factors of safety should be employed and the materials used 
should be durable. 

Controls. As stated on page 45, a permanent control section is one of 
the fundamental requisites for a satisfactory gaging station. If the site 
to be used lacks a permanent natural control, an artificial control may 
be provided by grouting the bed or by building a low structure of wood 
or concrete, discussed on pages 41 to 43. 

Description of station . — A complete description of the gaging station is 
necessary, covering the following topics: 

1. The location referred to the nearest post office, railway station, 
dwelling, and tributary streams above and below, and if in a public-land 
State, to the smallest legal subdivision. 

2. Date of establishment. 

3. Name of person who established the station. 

4. Name, post office address, and rate of compensation of observer. 

5. Gage or gages and their bench marks. 

6. Equipment from which measurements are made. 

7. The control section. 

8. Channel and other conditions which may affect measurements of 
discharge or stage. 

1). Conditions which may affect estimates. 

The description of each station should be accompanied by a general 
sketch showing the situation of the station with reference to topographic 
featur(‘S, the ()hserv(n*’s house, roads, towns, tributary streams, dams, 
and div(‘rsi()ns. A detail sketch showing conditions at the gaging section 
may often be desirable. 

TWV: MKASUltEMENT OF DISCHARGE. 

Th(^ (liscdiarge at v(;lo(*ity-a.r(‘a stations is ol)tained by measuring the 
ar(‘,a of the eross-sin-tion, a,n<l the velocity of the moving water. The 
a,r(‘a. of tlu' (‘ross-section is (hitertnined by soundings. Tlie velocity of 
the moving waiter is m<‘a.sur(‘<l (‘itluu' directly by observing the time of 
I)assjig(‘ of a. float ov(‘r a, mea,sured course— 'or indirectly— by noting the 
nivolutions of tln^ wIhh'I of a c-urrent meter or by measuring slope and 
using sloi)(‘ formulas. Discharge measurements are classed in accord- 
aruxi with these thrc'c metliods of measuring velocity. 
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In making the meaaui^ement by means of a current meter or floats the 
area of the gaging section (PI. II B) that is perpendicular to the thread 
of the current of the stream is divided into partial areas, for each of 
which the discharge is determined independently by multiplying its 
mean velocity by its area. The total discharge is the sum of the partial 
discharges. This computation of partial discharges eliminates the 
application of results obtained for conditions existing in one part of the 
channel to parts in which they do not apply. 

AREA OF CROSS-SECTION. 

The area of cross-section of a stream, the first factor in measuring 
discharge, deiKnalB on the contour of the bed, which is determined by 
Hoxmdings, and on the shige of the river, which is observed on the gage. 
The methods used in its determination will be the same regardless of the 
methods used for measuring the velocity. For current-meter stations the 
area of only the measuring section is required. For float and slope 
stations tlie avtTage an‘a throughout the portion of the river used for 
niUHt be obtained. 

mdings are made either by a graduated rod or by 

......utung nMm are limited in use to depths of less than 15 feet and are 

best adapted for use at wading and boat stations, where the depths and 
velocities are redatively small, but may occasionally be used at bridge 
stations wht^n^ tlie bridge is not high alx>ve the water. 

The wtdght and lim^ are used in making soundings in water of greater 
depth than 15 feet, and from bridges or cables which are high above the 
water. Soundings from a bridge or cal)le with weight and line are 
most readily taken as follows : Lower the weight and line until the 
weight rests on tlie bed of the river directly underneath the measuring 
pant. With tlie line taut, mark a ix)int on it c)pix)site a fixed point 
on the bridge or car; th(*n raise tlie weiglit until it just touches the 
surface of the water and measure tlie length of the sounding line that 
imsBes tlH‘ fixed iK>int inentioiuxl al)ove. Tlie depth is most r(‘adily 
measured !>y idacing tlie end of a linen or metallic tape opx)oBite the 
fixed starting i>ointon the sounding lin(‘, gras^niig both the line and the 
ta|>e in the liands, and drawing up the line and tape without i)errnitting 
tliem to sli{) on eaeli other until the \veight rests on the surface of the 
The length of line thus draw'ii up, representing the depth of the 
water, can thiai l>e read directly from the tai)e. This measurement 
may usually Ixi nmde by one person even when the depth is 10 to 12 feet. 
Where meter measurements are made from a bridge or cable, the meter 
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cable, with meter and lead attached, is generally used for sounding 
if the depths and velocities are small but care must be taken that the 
meter is not damaged. 

The greatest and most common errors in measurements of discharge 
are caused by erroneous soundings. Errors in soundings by weight and 
line are due to the weight being carried downstream, so that it does 
not fall immediately below a point perpendicularly beneath the meas- 
uring point, or, sometimes, to the bowing of the line. Both these causes 
make the soundings too great. Errors in soundings with rods are due 
to the rod not being perpendicular, to the water rising on the rod, and 
to the rod sinking in the bed. 

Standard cross-section . — ^For gaging stations on streams whose beds are 
permanent or nearly so, a standard cross-section should be constructed 
from careful soundings. This cross-section should be referred to the 
zero -of the gage, so that the depths for any stage can be found by adding 
the gage height to the depth below the zero of the gage. Standard cross- 
sections have three uses: (1) They serve as checks on future soundings; 

(2) they indicate changes which may occur in th^ h^d nf s+.rAom • 

(3) they may be used, in determining th 
times when it is impossible to make so\ 
or other conditions. 


VELOCITY, 

Velocity of flowing water, indicated by F, is generally expressed in 
feet per second, and depends principally upon (1) surface slope of the 
stream, (2) roughness of the bed, and (3) hydraulic radius. 

Tlie surface slope is the fall divided by the distance in which that fall 
takes place, and is represented by s. It depends on the slope of the bed, 
the channel conditions, and the stage. It is greater for a rising than 
for a falling stage. 

The coefficient of roughness of the bed varies for different streams and 
stages of the water and is expressed by 7i. 

The hydraulic radius or hydraulic mean depth is the area of the 
cross-section divided by the wetted perimeter. It is usually represented 
by jR, and can be determined for all stages from a single complete 
metisurenient of permanent cross-section. 

Tlie mean velocity of a stream is the average rate of motion of all the 
filaments of water in the cross-section. It is not a directly measurable 
quantity, being usually found by dividing the total discharge by the area 
of tlie cross-section at a given stage. Its use is generally limited to 
purtxises of comparison. 
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LAWS GOVERNING VPNXXJITY. 


A systematic study of the flow of streams shows that mean velocity 
is in general a function of the stage and that the distribution of velocity 
through the cross-section follows well-defined laws which pertain to all 
streams flowing in open channels and which are in the main independent 

Distances in "feet-i- 



Fici. 14.— Distribution of Volooity in Open Channel, Zumbro River, Zninbro Kalis, Minn. 


of the stage (figs. 14, 15, 16). These laws make ixissihle the deter- 
mination of the velocity factor of the discharge measurement by com- 
paratively few properly distributed observations of velocity. Upon them 
also depend the methods for determining the regimen of the stream. 

These laws have been studied lioth mathematically and graphically 
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by means of vertical velocity- curves (figs. 15 and 16) which show 
graphically the distribution in a vertical line of the horizontal veloci- 
ties of the filaments of water from the surface to the bottom of the 
stream. 

Vertical velocity-curve . — A vertical velocity-curve is determined by 
a series of velocity observations taken at regular intervals in a vertical 

Velocity in feet. 


0 123 1234123 



from tho surf;i(H^ lo flio bol.l.oiti of llio atream, usually from 0.5 to 1 foot 
apiu-t . 'I'lic results of l lu'se ol).serva,tious, wluui plotted with the veloc- 
ities as ahseissas and the depths as orditiaU'S, (h'fine the curve. 

Sludi.'s by llumphn'.vs and ;\l)bot" on the Mississippi, by (leneivd 
I'lllis'' oil the ('onneetieiit, and by the United States Geolojitical Survey ' 
on many streams under vai'ions conditions of depth, velocity, and 

- I'liVNirs anil llylrtiuli.m cf t h(‘ M isfHi.s.sipiti. ISal, p. 234. 

t U. S. .'Xfiuy, 1S7«. Part I, p. 259. 

•WnP r S.ippiv and IrriKntion Papers Nos. 95, 109. 187. and others. 
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roughness of bed, show that these vertical velocity-curves have approx- 
imately the form of the parabola whose axis, coinciding with the filament 
of maximum velocity, is parallel with the surface and is in general 
situated between the surface and one-third of the depth of the water. 
From the maximum the velocity decreases gradually upward to the 
surface and downward nearly to the bottom, where it changes more 
rapidly on account of the friction on the bed. As the depth and velocity 
increase, the curve approaches a vertical line as its limiting position. 

Distribution of velocity in the vertical. — If, as stated above, the veloci- 
ties in a vertical line vary as the ordinates of a parabola, it may be 
shown mathematically that (1) a filament of water which has the 
same velocity as the mean of the velocities in that vertical occurs at a 
point between .5 and .7 of the depth measured from the surface of the 
stream, and (2) that the mean velocity equals the mean of the veloci- 
ties occurring at .2114 and .7886 of the depth. 

The demonstration" of the location of the filament of mean velocity 
is based on the theory of mean values, using the fundamental equation, 

2/ = + (I V i (a’* i- =•- -j- </ V i — a + (i\ 

in which d equals the total depth of water; ad the deptli of maximum 
velocity below the surface; 6, the unitary complement of a; y, the 
depth of the thread of mean velocity. 

By assigning values to a between 0 and § d and substituting them 
with simultaneous values of b in the above equation, there results the 
following table, showing the depth of the mean ordinate for parabolic 
curves with various positions of depth to the maximum ordinates. 


Depth of 

maximum ordinate. 

When a == 0 

a - 0.10 
a - 0.15 
a - 0.20 
a = 0.25 
a = 0.30 
a = 0.33 

The maximum ordinate in 
very deep usually lies 


Depth of 
mean ordinate, 
y = 0.58d 
y - 0.59d 
y - O.GOd 
y = 0.62d 
y == 0.(>3d 
y - 0.65d 
y - 0.67d 

are neither vcny shallow nor 
deptli (see table, jip. 5(), 57). 


streams that 
at or above one-third 


Engineerini? News. Vol. 55, p. 47. and Vol. 75, p. 889. 
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If it lies above one-fourth depth, the ordinate at 0.6 depth is very closely 
the mean ordinate. If the stream is very deep the maximum thread 
lies generally at a greater proportional depth, and the thread of mean 
velocity therefore lies at a greater depth. If a stream is shallow and 
has in addition a rough bed, the frictional effect on the flow is so large 
that the vertical velocity-curve is no longer parabolic near the bottom 
and the thread of mean velocity may be near mid-depth. 

A study of vertical velocity-curves shows that the mean velocity 
in the vertical equals from 85 to 95 per cent of the surface velocity, and 
it also equals one-fourth the sum of the velocity near the surface plus 
twice the velocity at mid-depth plus the velocity near the bottom. 

That these properties generally hold in nature has been proved by 
hundreds of vertical velocity-curves made on a large number of streams 
having a wide range in conditions of depth, character of beds, and 
magnitude of velocity. Pig. 14 shows the form of a number of typical 
vertical velocity-curves and the table on pages 56-57 gives a summary 
of results of a large number of vertical velocity-curves. 

A study of these measurements, together with many others which are 
not available for publication, shows the general applicability in nature of 
the foregoing laws upon which depend t 
ing discharge by floats and current mete.... 

METHODS OF DETERMINING MEAN VELOCITY IN A VERTICAL. 

In the application of the laws of the distribution of velocity there 
have been developed the following methods of determining mean 
velocity in the vertical: (1) Vertical velocity-curves; (2) .6 depth; 
(3) surface; (4) . 2 -. 8 depth; (5) three-point; (6) integration. 

Measurements of velocity are therefore generally made by one of the 
above-mentioned methods, each of which has its special advantages and 
limitations. Their essential use is to determine the mean horizontal 
velocity in a vertical line and not features of measurement or compu- 
tation that involve other factors. 

As a discharge measurement contains a large number of velocity 
determinations the error introduced in the result by an individual 
erroneous measurement of velocity is generally inappreciable. 

^Fhc application of the methods and the relative accuracy obtained by 
each, as determined by a comparative study of all available vertical 
velocity-curves, are discussed in the following paragraphs: 

Vertical velocUy-curve method —By the vertical velocity-curve method 
measurements of horizontal velocity are usually made just under the 



SuTrvtnary of vertical velocity-curves in open channels. 


56 


EIVEE DISCHARGE 


s+n z+j, 


• 03 lixNicoeoejtrj ‘229S2S2IS 
•O ' 'OOOOOO ' *003030300 


ioorHi>»HN'^eooo .o.-eot^oco^ 

o 000030 ooo o(NooiMOr-i op 0^0 030 op ooooo '{i:;:®® oNtj- 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 'OOOOOOj 


M lo 00 lo 00 «0 03 CO 'Sti (N 00 O CO »0 CO N W O 00 JO JO ;;3J JO O W3 O t;- ^ O 00 p 
OOOOOXOOOOOOOOOOOOOOOOOOOOOOOGfiOOt'-OOOOQOQOOOOOOOOOOGOOOOWOOOl*- 


•qi^dap jo 4x190 
jad ut /C;^Too|aA rantu 

-tX'Bin p-Baaq; i{:^da(i 

•t[:^dap p 
i;nao jad ni ^ijiooiaA 
ireaxa pBaii];^ x^^^daQ 


PiOOb»iOO<M» 0 *nt<£ 0 >HCMOr|HNC 3 » 0 >OtlHOOcOPpTHCOr^Ot^l>- 00 >.Or-(r-i 

OJ>CO»OU5(NT^iOOt^tN‘OOOCOCO»OOOt'-«OOCOt'-t^O^CO'Tt<’-H<£)OCOOOWOtN.>rt<t'- 


lOO<N(NCOC<l»H*iJ<CO*^CO*cH(M(MrJ<(MO'«t<'?^rJ<‘ 0 '^CO<MCO'^CN'^CM.-HCO(NCOr 


^3 -n 


> 23 '^ §0 


;gSSi'g’g^Js’?i 3 S£|o£.atgJ 

O CC 1-^ O GQ O tEH O CO Q P-i O cc W M O O W ^ 


’ : • g S O o 
d a fl S S®-g*i 


E 22 rt®Sm 

3313 o'efi'g'^ ..o 5 S 2 "^ 



VEIjOCITY-ARBA stations, 


57 


loeo 

Oi-<0 

poo 


osoooooeo*^ 


«Dt^< 0 c 0 CDW 3 ‘CU 5 ®'O‘ 0 » 0 C 0 i 0 e 0 ®OC 0 C 0 C 0 « 0 < 0 C 0 ^«Di 0 O» 0 i 0 » 0 O« 0 C 0 C 0 W 5 e 0 c 0 «b»r 5 


H CD (N CM tH CO -OOO 

. . . I T I i I t I 

*<coojOTi<qocftoo(MpTj<| 

C'l ^ »0 OG CM r-'. CO CO TfH IM «0 CO »0 N tH to 05 00 00 CO t> 05 CO CM OS J> 'tfi ID CO ' ' 


TTT I I 7 V T 

H p Dl O CO t'- ‘O I'- VO W P to (M 00 00 Ol X t'- to CO O (M O CO 05 O 


C 0 rM 05 b.Tt<C 0 C^I> 

xXT-eooost'.'-*) 


OP 0»~<xfl CXOIO (M c Ol C'l COCOCO t'-P'^ COOMOIO-^COOP t^PppTH»-ippp^O 


^XXtO-cJ^tOXtHXCO 

^ M ' ' 


0 i cJ* ti tl rt 1 1 Js cIs rl rH 4 CO CO ti J 5 ci oId cL CO ti rl- rt Jh 05 03 p CO o o CO 
CO to CO oi «-H Ol OJ rH rH O CM 01 'Jil rH fH X Ol CM CO t-t csi r-l M tH (N CO CD M W to CO CSJ 1H tH M <N 


OCII>XPOOOCMcOMMOPCq»H-rfrJ<COOCONpTt<cOi' 
ClinrH CvJrHr-H COrHCO tHtHCM COf 


L , 


. r .’ pi , . . 

t_i* Ih* , C C ,3 > 
u 1-1 b£i O O ' 
01 (u uT *■' 

O a |o- 

00 

o cj 


y^y, o ’y?, 


CD 

CD 

,Q^ 




ijy; ^ 


03 c3 

3 ,,'•''>••■ 

■-i ^ 


'•yy _ _ . 

d g‘ £ 

m ’- r : . . . * 

P. Ps 


lo 


.0 


rt.S.S s 

tdCQffi 


CD CD c > 

03 cj .-H 




;f£3 

ji 


CD TO -2 

-5 rt o 
^7 0CD 




■£ = S : 


.dcd o 


:d 


PhQJ 


d 03 Cj 03 
CD CD (D CD 
CDCDCDCD •- 

03 03 c3 o3 Oi oiOO'-^ : 

jOdD-OP t- 1-1 _j _ 

CDtDdiaiC— C 3 =Dr«r^^tDQ 

o 0 0 O id E^ p: 3 - - 




O x 


PPd-sS 


o P'S aPS g 


'44 O 
(d 0-350 
0 




n-P PpSoPrtaddPd aTD'P'P-S-S -3 d O^'S Od 

2 2 2 2 5 :^ ^ ® 2 O P'S P d P C 3 eS cjfcSijT- - ' 

MM,'SmS 5 aQWWe®tfw^ti?:<:>^c;SPOPi!>H!«oc 




CM (M P T} 1 10 O. ^ 


''il<COCOlM'd<(M WCM 


tH iH rH r-< (M »■ 


-j 2 

S-P > 

ho ^ 


5 c 3 

<3 


. 0 ^ 

^ii£-.S' 

D. G § 

■+-* "SS ■4-' s- ^ w 
rjp C- § C3 


• ^ S 

. 

• c3 S ' 

d 5^ • P o i-H 

^^dS 03 - 2 ^ p's 
0 Qc/ 2 a 2 <!HPPMaj 


lsS3 




58 


RIVER DISCHARGE. 


surface, at .5 foot below ttie surface, and at each fifth to each tenth of 
the depth frorn the surface to the bed of the stream. These measured 
velocities, when plotted, define for each such observation point the 
vertical velocity-curve from which the mean velocity in that vertical is 
determined. 

In computing the mean velocity from vertical velocity-curve measure- 
ments, the velocity observations are plotted on cross-section paper with 
depths as ordinates and velocities as abscissas. A mean curve (fig. 16) 
is drawn through these points and extended to the surface and to the 
bed of the stream. The 
mean velocity is the mean 
abscissa of this curve and 
may be determined in 
three ways as follows: 

(1) Determine the area 
bounded by the curve and 
its axis with the plani- 
meter and divide by the 
depth. 

(2) Divide the area into 
any number of sections of 
equal depth, usually ten, t 
and take the mean of the 
velocities at mid-point of ^ 
each of these sections as S’ 
the mean velocity. 

(3) Divide the area into 
sections of convenient 
depth which will be equal 
except for the bottom • 
section, which may have 
an odd depth. Take the 
mean of the middle ordi- 
nates of each section for 
the mean velocity. In 
case the bottom section is 
an odd depth, multiply 
its mean velocity by the 
ratio of its depth to that of the other sections, and add the product to 
the sum of the middle ordinates of the other sections and divide by the 
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Fig. 16.— Typical Vertical Velocity-curve. 
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nuniber of soctioos, thus taking into consideration the |)rci|xirtiiiii«it** 
size of the odd section. 

The advantage of the third method over the second is tiiat it 
the selection of sections corresponding in depth to a given nuiiilitr of 
divisions of the cross-section paper on which the curve is plotttiL The 
determination of middle velocity is thus rendered riiiieh simpler ihm 
when the sections do not correspond to the divisions of the mm-mxihm 
paper. 

For purposes of study vertical velocity-curves are plotnd 

with per cent of mean velocity as abscissas and <xirresponciiiig depths 
expressed as percentages of the total depth as ordinate. 

The vertical velocity-curve method is valualjle as a basis for «mii- 
parison of all other methods, for determining coefficients to Im usal in 
reducing values obtained by other methods to the true value, for 
under new and unusual conditions of flow, and for measurementeuiKler 
ice. The method is not, however, in general use for making ohRT%m- 
tions of velocity for routine discharge measurements, In^cause the in- 
creased accuracy thereby obtainable is frequently overbalanced by ern^rs 
arising from changes in stage of the stream during the longer time 
required for the measurement. 

In making observations of velocity for the construction of vertical 
velocity-curves, velocities should also be measured at .2, . 6 , and .8 
depth, in order that the mean velocity determined by methods in which 
these depths are used can be directly compared with that determined by 
the vertical velocity-curve method. 

Vertical velocity-curves should be constructed for all stations at differ- 
ent stages in order to determine whether coefficients should be applied 
to the results obtained by the other point methods. Such application 
of coefficients should be made, however, only on unquestionable evidence 
furnished by a large number of vertical velocity-curves. The coefficient 
deduced from a single curve is rarely applicable to the entire cross- 
section of the stream. 

The coefficients as determined by vertical velocity -cim'es for retiueing 
the velocity by either of the other p)oint methods to nit-an vt^Iociiy m^y 
be plotted with stage as the other ordinate and thus cifterroiiie a curve 
which may define the coefficient to be used at ai.y stage. 

The .6 depth method . — In practical measurement of stream aiMdairge 
it is necessary to determine the horizontal velocity in a large iiuiiiOer of 
verticals. Therefore, a method must be used which nquires nut uu.re 
than three velocity observations in each vertical. If one point is used 
it is desirable that it be in such position that the use of a coefficient 
is not necessary to determine the mean velocity. The foregoing thei?r} 
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shows that such a point lies approximately at .6 depth of the stream. 
The preceding table shows that the thread of mean velocity lies between 
56 per cent and 73 per cent of the depth, with an average of 61 per cent. 
The error resulting from the use of .6 depth is very small, ranging from 
— 6 per cent to + 4 per cent, with a mean of 0 per cent. Therefore, in 
the .6 depth method it is assumed that the velocity at .6 depth is the 
mean velocity in the vertical and the meter is held at that point in this 
method. 

Although this method is intended to be used without coefficients it 
may be found by vertical velocity-curve measurements that a coef- 
ficient is necessary in some instances to reduce the observed velocities 
to the mean. The method is applicable over a wide range of condi- 
tions, is easy of execution, and is reasonably accurate for normal flow 
in the straight reaches of all streams except very deep and very shallow 
ones. 

The surface method . — The surface method is used in the measurement 
of velocities of swift streams, especially at times of freshet, when it is 
impracticable to sink the meter much below the surface. Therefore 
the observation of velocity is made at a point near the surface, but far 
enough below to eliminate any disturbance from wind or waves. The 
point of observation in this method should be from .5 foot to 1 foot 
below the surface, its location depending on the depth of the stream. 
The measured velocity must, however, be multiplied by a coefficient to 
reduce it to the mean. This coefficient, as shown in the preceding table, 
varies between 78 and 98 per cent, depending upon the depth of the 
stream and tin* magnitude of tlie velocity. For average streams a 
coefficient of about 90 per cent will generally give fairly accurah^ results. 

The two-point method . — The two-point method is used on streams in 
which the location of the point of mean velocity is uncertain, or when 
greater accuracy is desired than can be obtained by the . 6 de'ptli method. 
As noted in the foregoing theory, the mean of the velocities at .2 and 
.8 depth gives nearly the mean velocity in the vertical. Th(‘ pr(‘(*(‘(ling 
table shows that this theory holds very closeh^ in nature. lliendore 
in this method the meter is held at .2 and .8 deptli of each vertical. 

Observations of velocity near the surface and near the bottom of the 
str(‘ain have in the past been us(‘<l in tlu; two-point m(‘th()(l. liolh tli(‘ 
th(‘ory and the tal>l(*s show that .2 an<I .8 should h(‘ us(‘d. ddiis 

HH'thod is recommended for general stream -gaging. 
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Unless a measurement can be made by the vertical velocity-curve 
method, nothing is gained, as shown by both theory and practice, in 
taking velocity observations at more than two points in the vertical. In 
the three-point method, advocated by some, the meter is held at .2, .6 
and .8 depth and the mean velocity obtained by dividing by 4 the sum 
of the velocities measured at .2 and .8 depth plus 2 times that at .6 
depth. Such combination of the less accurate .6 depth method with the 
more accurate two-point method is not justified, however, as it gives 
results less accurate than those obtained by the two-point method. 

The integration method . — The integration method is used both for 
obtaining the mean velocity in the vertical and also the mean velocity 
in the entire cross-section of the stream. 

In determining the mean velocity in the vertical the meter is moved 
at a uniform speed from the surface of the water to the bed of the stream 
and return, and the revolutions and time are observed. The meter thus 
passes successively through all velocities in that vertical and the result- 
ing observations determine the mean in that vertical. The method is 
valuable for checking other methods, but generally requires the servic'e 
of at least one more man to observe time, as the engineer must be 
occupied with the movements of the meter. It is conseqi: 
commonly used as the point methods. The Price meter is 
to observations hy this method, as the vertical motion of the merer 
(causes tlie wheel to revolve. The Haskell and Fteley meters, on the other 
hand, may be moved vertically with little or no effect on the wheel. 

In determining the mean for the entire section the meter is moved 
with uniform speed tliroughout the section, usually in a zigzag path 
extending from surface to bottom and from side to side of the section. 

( ;tl RRENT-M KTK R MEASUREMENTS . 

PKOCEDUttE. 

In making a currcmt-meter measurement the cross-section (PI. II, B) 
is (lividtid into partial areas, varying in width from 2 to 20 feet, depend- 
ing on the siz(i of the stream. These partial areas are bounded by 
|)crpcndi(‘ula,rs terminating at jxiints in the surface known as measuring 
points, bccausi’ they indicate where the observations of depth and 
velocity an; taken, 'riny should bo so spaced as to show any irregulari- 
tic.s cither in tlu; cross-section or the velocity. When measurements 
arc made at hridge or cable stations, the measuring points should be 
permanently marked on the bridge rail or floor, or on the cable, and 
used for sticccssivc iiKaisurcments of discharge. When measurements 
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are made at boat and wading stations the points will be indicated by 
the graduations on a tape or tagged line, which is generally stretched at 
the time of each ineasiirernent. 

The procedure in the measurement will vary somewhat, depending 
on the sounding apidiance. If the meter and cord are used for sounding, 
observations of depth and velocity will be made at each measuring point 
successively across the stream. If other sounding apparatus is used, 
soundings will be made at all measuring ix)ints prior to taking the 
velocities. 

In making vtdtKUty observations, one of the methods described on 
pages 5r>“61 should be used, the method chosen depending upon the 
conditions at the shition. Care must be taken to place the center of the 
meter whetd at the called for by the method. This is best accom- 

plished by m(*aBuring the required depth on the meter line with the wheel 
in thesurfacH? of the water, and then lowering the meter into position. 
Bpeeial attention is called to the requirement, both in sounding and in 
placing the mt‘tcr in jKisitkm for observing velocity, that a tagged line 
should he usial for measuring depth. Such distances should l)c 
(letermined by rniains of a tape line, as indicated on i)age 60. In 
making the olmervations a stop-watch is de8iral)le but not indispen8al)h^ 
In general, timi* should Ihj notc*d at the click of tlie receiver, or at tlic 
start or finisli of the buzz. Tlie time is then observed for a given num- 
!>erof revolutions. The number will depend on the velocity and should 
he Hudicientto make time interval at least 60 seconds, as sliown on 
the HhfH‘t of cairrent ini*t(*r notes given on pages OB and 67. This method 
is i)referal>Ie to olmiTving tlie nunilier of revolutions for a given time as 
it eliminat(‘B the c*rror due to fractional revolutions. With a stop-watch 
time can l)e obsiuvcd to half or fifth seconds. 

If the velcxdty of tin* eurriait iiiak(‘S other than a riglit angle with tin* 
measuring seetitm iho diudation from tli(^ rigiit anglii must he ohsiuved 
ami a e()ef!ieient ap|>lit‘(i to reduce the v(‘loeity to tlui normal. This 
eoeflieieiit can usiially Ixi a|)pIio(} to tln^ final (^omphited discliarge. If, 
lio\vev<‘r, tlii‘ aright varies througliout tlut eross-seetion, it is m^cessary to 
apply a|)|>ropriat<t eoeflieients to tin; various ()l)S(*rv(;d V(*lo(“ities- The 
angle <‘an readily be (letermim‘d ly holding the nielm* just l)(‘l()w th(‘ 
surfaee of tlie wativr and plaeing tlie notohook pi'rpi'iidieular to tlu; cross- 
s(‘etion of the streaan ami drawing a. lim* paralh^l to tlie inetm*. ''Fhis 
lire* should l)e divided into Itm arbitrary divisions and proj(‘et(‘d upon a. 
lin(‘ normal to tlie gaging seetion. The length of this projection will lie 
t.l KM ‘( K* Hi < ‘ i e 1 1 1 t o be u s« ■( 1 . 

If tie* eurreiit-ineter irieasuremeiit of disclmrg(‘ is ma,d(‘ at a regular 
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gaging station established for obtaining a record of discharge, a certain 
routine should be followed, consisting of the steps indicated below in 
consecutive order. 

1 . Check gage datum if facilities are available. 

2. Set up meter, using precautions described on page 18. 

3. Read the gage. 

4. Make the observations necessary for the measurement of discharge 

by one of the methods described on preceding pages. 

5. * Read the gage. (If the stream is fluctuating notably the gage 

should be read frequently and at regular intervals during the 
measurement.) 

6. Check the notes to make certain that all records have been made. 

7. Dismantle and pack meter, using precautions described on page 18. 

8. Be careful to note under “ remarks ’’ changes in stage, backwater, 

wind, and other conditions knowledge of which may be of future 
value. 

9. If possible, see the gage reader and his record, and call his atten- 

tion to any lack of interest or apparent discrepancies in his work. 

Each of the above observations is essential to the reliability of the 
record at a station. On each visit of the engineer the stage of the river 
should also be determined by observing the distance to the surface of 
the water from a reference point, as a check on the gage record. 

Either temporary or permanent changes in channel conditions which 
affect the rating of the station should be noted and recorded in as great 
detail as possible. Such conditions include changes in channel in the 
vicinity of the station, the building of dams below, the formation of 
jams of logs or drift, and the extent, character, and thickness of ice. 
Gage readers should receive written instructions in regard to reports to 
be made concerning such conditions; otherwise they may make no 
record of the time or extent of such changes. 

If tlie engineer can reach a gaging station in time of flood, he should 
as a rule remain and make measurements of discharge at each foot of 
stage as the river rises or falls. Observation of a single freshet may 
thus enal)le him, with a minimum expenditure, to rate the station for 
practically all except low stages. 

In addition to the general procedure described above, special pre- 
cautions and methods are necessary in connection with low water and 
wading measurements, high-water measurements, measurements of ice- 
covered streams, and measurements in artificial channels, as described 
on pages 69 to 76. 
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COMPUTATIONS. 

The computations of current-meter measurements are usually made 
to determine: (a) the total area of cross-section; (b) the mean velocity, 
and (c) the total discharge of the stream. The observed data from 
which these computations are made consist of (a) soundings at known 
intervals across the stream, (6) the velocity determinations in the 
vertical at each sounding point, and (c) the distance between the points 
of measurement (see table, pp. 66 and 67). 

The mean velocity, area, and discharge are computed independently 
for each partial area included between perpendiculars drawn from suc- 
cessive measuring XK>int8. The total discharge is the sum of the partial 
discharges thus computed. The computation of the partial discharges 
eliminates errors which would arise from the distriliution of conditions 
existing in one part of the cross-section to parts in which they do not 
apply. The mean velocity is determined by dividing the total discharge 
by the total ar(*a of the cross-section. 

Tlie fonniilaB used in connection with computations of discharge 
may, in general, l)e classed as rectilinear and curvilinear — depending 
on tlu^ asBuni|)tioni tliat tlie bed of the stream and the horizontal velocity- 
(‘urve are made up of straiglit lines or of curves between the measuring 
|H)ints. A eoinparison of tln^ computation of discharge measurements 
by various formulas has been prepared by J. C. Stevens, Member 
Am. Soc*. C. K.*' In tlvis diseussiou it is sliown that the following 
r(H‘tilinear formula gives the most accurate results and is readily used: 




) 0 


2 '"^ 




In this formula, f/i, d 2 d,, and vo, ^ 1,^2 K are the 

dejAhs and veloeitii’S at the resfKictive measuring jioints, ao,ai,e 2 
which are spaced at the distanees /i, ^ 2 , (fig. 


17). Tlie area l>ctweeu the iHwpeMdifmlars drawn from any two suc- 
8(‘s.sive measuring {wiints is (*qiial to the m(*MM of the d(‘{)th8 at siicdi 
{M)itits multiplied l)y the distance hetweeu thmn. Similarly, the mean 
velocity for the area betw c(‘n tluj two piutH-ndieulars is equal to the 
niraii of the velocities observtMi at tlie twt> per[)en(iie.ulars. The product 
of tills area ly its m(‘an velocity gives the discharge for the partial area 
iuclu(i<‘d lK*tween tin? two perpend icailars. The sum of these partial areas 
and dischargea gives tlie total area and total discliarge. The tables on 

lOiiifiiK'crinK 1‘tus. 
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pages 66 and 67 show the field notes and computations for a typical 
current-meter measurement. 

The velocities at the respective observation points, as shown in column 
6, are determined from the current meter rating table, and the mean 
velocity in the verticals is the mean of the velocities taken at the respec- 
tive measuring points. In computing the measurement, it is not usually 
warranted to carry the velocity computations to more than two decimal 
places and the partial areas and discharges to more than one decimal 
place. 



LOW- WATER AND WADING MEASUREMENTS. 

At low stages of a river when the velocity is small it is advisable to 
find a section near by in which conditions of channel are suitable for a 
discharge ni(^asiireinent and a meter measurement may be made by 
wad i iig ( PI . B) . Low- water measurements should preferably be made 
l)y the .2-.<S (h'pth inetliod, except where the depth is less than 2 feet, 
wh(m the .(> d(‘pth method should be used. Meters hung on rods are 
best ;idapt('<l for use in measurements by wading. 

In making the measurem(‘nts a graduated line is stretched across the 
str(‘a,m to mark th(‘. points of measurement. For this purpose a steel 
or metaHi(‘ ta [)(5 may be us(h1. If, liowever, the stream is wide, an oil- 
silk lish liiKMir Ikirbours Irisli lla,x salmon thread, conveniently grad- 
uated, is more satisfaedory as it offers less resistance to wind. When 
th(* ste(‘l ta,i)(^ is not used s|)(‘(‘ial caae must be taken to check graduations 
to <‘limimite the iiossihility of (‘rrors due to stretching or shrinking of 
th(^ lime 

Tli(‘ (‘ngineia- making VfFxaty observations should stand below the 
graduat(‘d line and i)r(‘fera.bly to one side of the meter, in order not to 
disturb tin; cummtof th(‘ water flowing past the meter. Three-eighths- 
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Ti/pical current meter notes Boise River, Dowling, Idaho. March 2S, 1914- 


191^ No. of Meas .... 

B.O./.S.& KivettLt...BOkM///7^.. , State oi /c/a/zO.,.. 

Width <^^<2 Area..<&?Z Mean Cor. M. G. H. -^-SS 

Party Disch. 74^^^ 

Stafif gage, checked with level and 

Chain length checked with steel tape, 12-Ib. pull, found . ft . 

“ ** changed to .-r .. . ft. at... ;... ' — .....o’clock. Correct length . — ."rv?:; f t> 

** corrected on basis of level to .....T,.ft. at. rrTTrrr3rr.,o* clock. 

Meas, began<f?. ; ended 
Meter No. A 

Date rated /9/^. 

Method of meas. 

No. meas. sec’s /<5^ Coef. 

Av. width .sec. /S Av. depth .s5vv?.. 

G. Ht, change (rate per hr. ) . • Q/ 

?t) error by, rating table. 


Gage 



Time 

8.QOAM-. 

Station 

33 


S-OO.AM:. 

/AQ 




^.65 

/0.00 AM 

283 , 






jhted mean G. Ht. S& ft. 

correct “ r^.*, .'Si^ ft. 


Meas. from cable, h i - ' ki ga e 


cdi: 


Meas. at 


73" ft. above, below gage. 

at regular section tfirlr Ifuatfcca and conditions (^C^0Cf 

Area from .soundings (date), 

Method of su-spension J/V/r'G Stay wire yVb .\pprox. dist. toW. S., <9 

Arrangement of weights and meter; top hole - — * ; middle bottom holtt^O 

Gage inspected, found 3^//^ . . Cable inspected, found a/T- 

Distance apart of measuring jx)ints verified with .steel tape and foun<i — "" — 

Wind upftfr. , downstr., aoro f w t ;\ngle of current — ^ — 

Observer seen and book inspected Yes 

Plxainine station locality and report any abnormal condition.® whicli migist change 
relation of G. Ht. to disch., e. g., change of control; ice or debris on control ; back- 
water from ; condition of station equipment Conc//t(Q/75 Sp^SfQ/li/y /70f*/??<S/. 

and resu/ts.6hoa/c/ 

Sheet No. 1 of 2 . sheets. I f i a euflic i ent ep ace, me -ti OTt: of glicot . 
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Typical current meter notes Boise River, Dowling, Idaho. March Z8, 1914 

{continved). 
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inch iron rods, 3 or 4 feet long and having a slit in the top, are con- 
venient for supporting the tape. 

If the water is shallow or accurate determinations of small flows are 
desired, it may be necessary to instal sharp-crested weirs to confine the 
flow to a small channel in which depth and velocity will be measurable. 

When convenient the soundings across the stream may be made 
before the observations of velocity. In making the soundings a thin, 
flat, graduated wooden rod should be used on which the water will not 
pile up, as in low- water measurements sounding errors may be rela- 
tively large. The round rods on the meter are not generally adapted to 
soundings. Measurements can not be made by wading if the product 
of depth times velocity is greater than 8. 

The stage of zero flow should be determined if possible for each gaging 
station. This stage will be the elevation of the lowest point of the con- 
trol section and should generally be determined by a level. Its great 
value arises in determining the position of the lower end of the station 
rating curve for use in estimating discharges for stages below the lowest 
current-meter measurement of discharge. 

HIGH-WATEB MEASUREMENTS. 

Measurements made at high stages generally consist of observations 
of surface velocity only. Areas must be computed from a standard 
section or from soundings made at a lower stage. Under these condi- 
tions extra precautions must be taken to secure data from which a 
reliable estimate of the flow can be made. The great velocity and the 
presence of drift or of cakes of ice may render good meter measurement 
practically impossible. Meter observations 10 to 30 seconds long may, 
how^ever, frequently be obtained when there is considerable drift, but 
great care must be exercised that the meter is not damaged. If a weight 
of more than 30 pounds is required to submerge the meter, a secondary 
line must be used in conjunction with the insulated cable fur siq)porting 
the meter, and a stay line will often greatly assist in holding the iiK'ter 
in position. 

When there is much drift it is generally advisable to use the float 
method, the drift serving as floats. Or it may be practicable to 
determine the slope of the river for a considerable distance and compute 
the discharge by means of the slope formula. If a level is not at hand 
marks may be made by which the slope may be determined at some 
future visit. When possible two of these methods may be used and a 
check thus obtained on the work. 

When it is impossible to obtain flood measurements the discharge 
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may be computed as the product of the area and mean velocity, 
determined by extensions of the area and mean velocity curves. In 
such computations the area above the level of the flood plain, if any, 
should include only the section above the ordinary channel or channels 
of the stream, as the mean velocity curve usually applies only to this 
channel and not to the overflow channel. The discharge on the flood 
plain will generally be a comparatively small part of the total flow and 
may usually be estimated with such accuracy that the error introduced 
by it into the total discharge will not be great. 


MEASUREMENTS OP ICE-COVERED STREAMS. ^ 

The general parabolic law of the distribution of velocity in a cross 
section of a stream with open channel holds also for a stream under ice. 

The table on pages 70 and 7l, giving a summary of the results of many 
vertical velocity -curves, shows that there are two points in which the 
thread of mean velocity occurs under ice. These points are at about .1 
and .71 depth below the bottom of the ice, varying between 0 and .22 
for the upper and .63 and .79 for the lower. It is thus seen that they 
lie very nearly at .2 and .8 of the depth. As seen in the table the .2 
and .8 depth method gives the mean velocity within a small percentage 
of error, and in making measurements under ice this method should 
be used. 

If it is desired to make measurements having a high degree of accuracy, 
or for the imrpose of checking results made by the two-point method, the 
whole measuretnent may be made by vertical velocity-curves (fig. 18) . 

When it is necessary to make observations at mid-depth a coefficient 
should be determined fur reducing the velocity to the mean. If the 
river is not deep enough to get vertical velocity-curves a coefficient may 
be obtained at a number of stations by comparing tlie average of the 
velocity at the .2 and .8 depth with that observed at the mid-depth. 
See taldes, i)ages 70 and 71, giving coefficients to reduce mid-depth 
velocity to mean. 

In Tnea,suring an ice-covered stream the x>i'Ocedure is in general tlie 
same as for a strc'ani with o[)(ai cliannel, except tluxt ixrovision must be 
made to (diniinate int(!rference due to ice and frost. The equipment 
necessary for making the measununent includes the ordinary current- 
meter outfit, ice chisel, axe, and shovel for cutting away and removing 
the ice, and an ice measuring stick for determining the thickness of 
the ice. 

The meter should be operated on a rod if the depth will permit. If, 

^See Water-Supply Papers Nos. 187 and 887, U. S. Oeol. Survey. 
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however, a cable is used, it should be tagged at foot intervals, beginning 
at the center of the meter for convenience in sounding and placing the 
meter at the proper depth. 

The most satisfactory ice chisel yet found is the Guifford Wood, No. 
477. This chisel has a narrow plate made of rather soft steel, so that it 



Fig. 18 - Distribution of Velocity under lee ('over, ('annon River. W(‘l(‘h, Minn. 


can be easily sharpened with a hand file. The handle is solid steel, has 
a ring in the top, and may be joined, if desired, for convenience in 
carrying. This chisel weighs 14 pounds and is as light as can be satis- 
factorily used. 

The measuring stick should be made of 1 by 1-inch material, graduated 
to tenths of a foot, and with a 3-inch angle fastened to the zero end. In 
use this angle is brought against the under surface of the ice and the 
thickness read at the top surface on the graduated stick. 
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The accuracy of discharge measurements depends largely on the com- 
fort of the engineer while making the measurement, therefore he should 
give careful attention to his clothing. 

Winter-measurement observations are taken by one of the following 
methods or by a combination of them: 

1. From a bridge or cable, when the stream is clear or not frozen 
hard enough to support the observer. 

2. Through holes cut in the ice. 

3. By wading in a section from which the ice has been cleared. 

Measurements from a cable or bridge in a section without ice cover 

are made in the same manner as open-water measurements, except that 
the meter should not be taken from the water unless absolutely necessary 
until the measurement is completed. The soundings can be taken by 
lowering the weight until it touches the bottom and then raising it until 
the head of the meter is just under the surface of the water, adding to 
this depth the distance from the top of the meter to the bottom of the 
weight. If it is necessary to remove the meter temporarily from the 
water, on its return it should be permitted to run for a period before the 
revolutions are recorded, as the warmer river W'ater will tend to thaw 
out any slight congealing in the meter. If the meter is oi 
until it becomes practically rigid it should be thawed and thuiut 
dried near a fire, care being taken that it does not become so hot a© uu 
melt the rubber connections or the solder on the cups. 

The first operation in measurements under ice cover is the cutting 
of the holes through the ice. The holes should be spaced 5 to 10 
feet apart, the interval depending on the width of the stream. On 
very small streams, where measurements of velocities are desired at 
many points close together, an entire section may be cut out, thus 
preventing the greater part of the vertical pulsations of the water. 
The position of the holes need not be accurately determined before 
cutting; they should, however, be placed in a straight line and as near 
as possible at right angles with the current. Round or oblong holes 
are easier to cut than square holes, and the larger diameter should 
be parallel to the current. They should be large enough to permit 
the meter to be easily raised and lowered. A shovel will be found 
almost essential in clearing away enow from the ice in the vicinity of 
the holes and removing the chopped ice from the holes. The first 
3 or 4 inches of the ice can be cut more quickly with a sharp ax than 
with the ice chisel, but with the chisel an ax is not necessary. The ice 
should be cut only at the circumference of the circle, as large cakes can 
be taken out with less shoveling than the small ones that are made 
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when the entire cross-section of the hole is chopped. Care should also 
be taken not to cut through the ice into the water until a few rapid 
blows of the chisel will clear the entire section. By working carefully 
holes can be chopped through ice 1 to 3 feet thick with very little 
splash; if, however, water is standing or flowing on the ice to depths 
of 1 or 2 inches it is almost impossible to chop holes without getting wet. 

As a rule it is advisable to chop one hole through the ice in the 
center of the section in order to detect the presence of frazil or 
floating anchor ice. If the hole so cut can not be kept clear from the 
finer particles of frazil, the measurement will probably give inaccurate 
results, and the engineer should endeavor to find a better section. 

When the holes are cut and cleared of the chopped ice the distances 
between them should be measured with a steel tape and recorded in 
the notebook, leaving sufficient space between the recorded measure- 
ments for the record of velocities in the vertical. As the winter flow 
is likely to be fairly uniform, the soundings may be taken independ- 
ently from the measurements of velocity. The gage height to the 
water surface should then be read and the soundings taken either 
with the rod or with the weight and cable. At each hole should be 
recorded (a) the thickness of the ice, (b) the distance from under 
surface of ice to water surface, and (c) the total depth of the water. 
From these data can be computed the depth at which the meter must be 
placed in each hole in order that it may be at the 0.2, 0.8, or 0.5 posi- 
tion beneath the ice. Thus — 

0.2 depth=(c — b) X 0.2+b 
0.5 depth =(c — b) X 0.5+b 
0.8 depth ===(c — h) X 0.8+b 

The notation and a form for recording the data are illustrated in 
figure 19. 

The information collected regarding the total thickness of tlie i(‘e 
need not enter into the measurement. 

When holes are cut through tlie ice a vertical imlsation, which may 
amount to nearly half a foot, is often noticed in the water. In nuiasur- 
ing the depth of the water, care should be taken to determine the nu^an. 
If the depths beneath the ice are greater than 2.5 feet, tlie measurement 
should be made by the 0.2 and 0.8 point method; for deptlis lietween 
1.5 feet and 2.5 feet velocities sliould be observed at 0.2 and 0.8 and 
0.5 depth; for depths less than about 1.5 feet the mid-depth method 
should be used. 
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The depths at all measuring points should be measured and the 
depths at which the meter is to be placed computed before the meter is 
assembled . 

The meter should be so held in the hole that the head is as far 
upstream as possible to avoid the effect of the vertical pulsations. If 

a rod is used, the 
meter can be kept 
in position by hold- 
ing the rod against 
the upstream side 
of the hole; if a 
cable, the meter can 
be held at one posi- 
tion more easily by 
standing on the 
cable than by hold- 
ing it in the hand. 
The number of rev- 
olutions and the 
time are recorded 
in open- water meas- 
urements. After 
the complete data 
for each observation 
have been recorded 
while the meter is 
still in the water, 
the meter can be 
carried quickly to 
the next hole and 
the observations 
continued. In this 
if no frazil is 
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-Diagnim sliowiiijr factors nsod in making discharge ineasiire- 
ineiits and new form proposed. 


way, 


present, the entire 

nieasurenient may be completed without having the meter in the air 
long enoiigii for tlie water on it to congeal. 


The Section for winter measurements should preferably be chosen 
during the 0 [)en season to insure favorable conditions. If the presence 
of frazil or of floating anclior ice at a section affects more than 10 per 
cent of the total cross-section, the measurements should, if possible, l)e 
made at another section where such conditions do not exist. Sections 
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at rapids, where the velocities are high enough to carry the ice away 
quickly, may be most satisfactory, even if the other conditions are not 
so desirable, and the measurements made at them will be more accurate 
than those made at a section which is pai'tly clogged with frazil. 

MEASUREMENTS IN ARTIFICIAL CHANNELS. 

Flow in artificial channels should be studied with especial care on 
account of the disturbances resulting from the operation of gates and 
water wheels in power canals and of checks, intakes, and outlets in 
irrigation canals. 

In an irrigation canal the effect of such disturbance usually appears 
in the control section as a change which destroys the relation of gage 
height to discharge. Though the conditions may remain satisfactory 
for making current-meter measurements, estimates of discharge can not 
usually be made from records of stage and a rating curve. 

Changes similar to those in irrigation canals occur also in headraces 
of power canals. In tailraces the relation of stage to discharge will 
probably l)e reasonal)ly permanent, but conditions for measurements of 
discharge are unsatisfactory, as the distribution of tlie velocity in the 
cross-section of thecliannel is usually not norma I and is likely to change 
witli considerable* ra[)idity. Furtliennore, the* agitation of tlie water 
niay interfere with tin* iiropm- action of the meter or other measuring 
device. S[KM*ial studies should tlun'efoni lx* made of the conditions 
existing in eaxdi artilieial chanm*! to lx; gaged, a, ml special arrangements 
of instruments or of (‘hannels may lx* nec‘(*ssa,ry in order to get satisfac- 
tory measureim/nts of disehargi*, partiiailarly measurements in connection 
with tests of wat(‘r wheels in place. 

K L( ) A 'I' M K A S K M K NTs . 

The determination of tlie dischargi* of a stix^ani by the* float method 
is comparativ(.‘ly sinipl(5 and easy, as no delii^ate instrumiait is micessary 
for measuring vehxdty. Tlx* r<‘sults, hovv(‘V(‘r, will not g(m(‘rally lx* so 
accurate as those ol)tain(‘<I by tlie current m(‘t(a*. 

The first st(‘{i in making a float ni(^aHur(mi(*nt is to a(*l(*et and m(*a.sur(* 
th(* “ run ” over whi(‘h tln^ floats an^ to pass. "I’his run sfiould lx; fiO 
to boo f(M*t long, should lx* located in a, stretch of tlx* str<‘a,m having a 
straight a,n(l uniform ehannel, and its (mxIs sliould lx* d(‘finit(ty markixl 
on one or both lianks hy range poles or signals or i)y taggiMl lin(*s across 
the stream. 

F^loats are placed in tlu* stream ahovt* tlxM.i{)per (‘ixl of tlx* run and 
allowed to pass over the run, the tinx^ in seconds requin'd for their 
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passage being noted. The quotient obtained by dividing the length of 
the run in feet by the time of passage in seconds is the velocity in feet 
per second of that part of the stream traversed by the float. A stop- 
watch is necessary for the satisfactory determination of the time required 
by the floats to pass over the course. 

The type of float used will depend upon local conditions of channel 
and current. Tube floats are generally limited in use to artificial 
channels. Subsurface floats are but little used and only in deep 
streams. Surface floats are adapted for general use under all conditions. 

In an ordinary discharge measurement by this method a number of 
velocity determinations are made at varying distances from the shore, 
and the mean of the velocities thus obtained, reduced by a coefficient, 
is taken as the mean velocity for the cross-section. The magnitude of 
the coefficient will vary between .85 and .95, the variation depending 
on the stage and character of the stream. 

In more accurate work the distance of the float from the bank will 
be noted and the mean velocity of the whole section can be determined 
by plotting the mean position of each float, as indicated by its average 
distance from the bank, as an ordinate, and the corresponding time of 
the run as an abscissa. A curve through the points so located shows 
tlie mean time of run ar any point across the stream. Velocitiv^K^ ..wx 
each partial area of cross-section are scaled from this curve, reduced to 
fi.‘et per second, and multiplied each by its area to determine partial 
discharge. The sum of the partial discharges is the total discharge. 
The coefficient for reducing surface velocity to mean velocity may be 
api)lied either to each determination of velocity or to the computed 
discharge. 

The area used in float measurements is the effective area of the section 
of tlie rivivr over which the runs are made and is determined by averaging 
tlie areas of cross-section of the stream measured at the ends and at 
intermediate points. 

H LO VE M K A S 1 1 H E M K N1\S . 

The mean velocity of a stream has been expressed in the Chezy 
formula as V = c l Rs, in which c is the coefficient combining the total 
effects of roughness of the bed and all other conditions which may 
affect the velocity, except the slope and hydraulic radius. This formula 
has long served as a nucleus about which slope data have been collected, 
and has been used as a l)asis for work by Kutter "who developed the fol- 
lowing expression for the value of the coefficient c in terms of s, R,and n. 

" 'I’he flow of water ui rivers aiul other ctiauiieis” by Uaiiguillet and KutUu'. 
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C = 


41.6 + 


1+41.6 
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This, •when introduced into the original formula, gives 
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- 
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In measurements of discharge by the slope method it is necessary to 
determine (1) the mean area of cross-section, (2) the slope of the surface 
of the stream, and (3) data in regard to the roughness of the bed, from 
which to estimate the proper value of n. 

In making a measurement by this method a straight channel, 200 to 
1000 feet long, must first be selected and measured for the course or 
“ run.’’ In this course the slope and cross-section should be reasonably 
uniform and the conditions of bed and banks should also preferably be 
permanent. The slope must be sufficiently large to be measured without 
a large percentage of error. The effective area of cross-section through- 
out the run is obtained as the mean of the cross-sections of its ends and 
intermediate points. The determinations of these cross-sections may be 
made once for all at a low stage of the stream, if the lied and banks are 
permanent, or as often as may be necessary for good work if the condi- 
tions are changing. 

The slope of the surface of the stream is obtained by simultaneous 
readings of gages placed at the ends of the run, and as it is the important 
factor in this method, the position of tlie gages l)y winch it is to be 
measured should receive careful consideration. Theoretically the gages 
sliould be set in the current of the stream, which may, at high stages, 
1)0 several tenths of a foot higher tlian water in the same cross-section 
near the banks. Such location of gages in the current is im[)()ssihle 
unless bridges are availal)le to which gages may 1)0 attaclied, and in this 
case the effect of l)ridge piers may be sufficient to vitiate tlie ol)servati()ns. 
Gages attached directly to bridge piers are not suitable for nieasurcnncnts 
of slope because of the disturl)ance of the water around the pier. In 
locating gages on the banks the exposure should l)e the same for all 
gages to be utilized in conjunction for the determination of slope; 
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otherwise the piling of water against one bank or its recession from 
another may incorrectly indicate the slopes. 

At least two and preferably three gages should be placed in position 
at the ends (and in the center if three gages are used) of the course in 
which the slope is to be measured. The datum of each gage must then 
be accurately referenced by means of a permanent and easily accessible 
bench mark, and all gages must be connected by levels. As the gages 
should be read to hundredths, the effect of wave action should be 
eliminated by the use of some form of stilling box. 

The accuracy of the estimates will depend largely on proper placing 
of the gages, precision in the gage readings, and care in setting the gages 
to' read from the same datum. If the course is not designed for con- 
tinuous use for slope measurements, reference points from which the 
elevation of the water may be determined by a single vertical measure- 
ment may be used instead of gages. 

In collecting data for determining the value of n it should be borne in 
mind that this factor includes not only the effect of roughness of bed 
but also that of all obstructions that may retard the water. In general 
71 is larger for the overflow part or parts of the stream than for the 
channel proper; hence these parts should be treated separately in com- 
puting the discharge. For the higher stages of the stream n for the 
channel proper generally decreases as the stage increases. The engineer 
must rely largely on judgment and experience in this matter. 

The following table gives the ranges of value of n for various types 
of channels, both natural and artificial . The values for artificial channels 
are taken from the results of investigations by the Office of Experiment 
Stations, Department of Agriculture, and by the United States Recla- 
mation Service, and are based on actual conditions of canals in operation. 
In general, much lower values are found for artificial channels when 
first constructed than for the same channels after they have been in 
operation for sometime. The values apply for sections on tangents and 
should be increased if used for curves. 


Values of n in Kutter^s formula. 


Character of channel. 

Artificial channels. 
Cement, surfaced 
Cement, rough 
Wood, surfaced 
Wood, rough 


Value of “ n.” 


.012 to .015 
.016 to .018 
.011 to .015 
.015 to .020 
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Earth, smooth % 

Earth, rough 
Cobble 
Vegetation 
Natural channels 

Smooth, sandy, and fine gravel beds 
Rough beds 

Overflow banks with vegetation 


.017 to .025 
.025 to .030 
.030 to .035 
.035 to .050 

.020 to .025 
.030 to .035 
.040 to .055 


For simplicity in computation, tables giving the values of V and c 
for various conditions have been published. Among these is Table XV, 
page 203. Diagrams (PI. VII) are also used to advantage in this con- 
nection. 

The slope method is commonly used for estimating flood discharge, 
often after tlie crest of the flood wave has passed and when the only 
data available are the slope and the area of cross-section, as determined 
from marks along the banks, and a knowledge of the general conditions. 
Another important present use of Kutter’s formula is in the design of 
canals, for which the slope must be determined in order that the channel 
may carry a certain quantity of water at a given velocity. 

The results obtained by this method are in general only approxi- 
mate, owing to the difficulty in obtaining accurate measurements of 
slope and the other necessary data and the uncertainty of the value of 
n to be used in Kutter’s formula. 


OBSERVATIONS OF STAGE. 

In the collection of records of daily stage of a stream for use with 
discharge incasurenients to obtain daily flow, care must l)e taken to 
eliminate errors due to the following causes: 

1. Change in gage datum . 

2. Tjack of refinement in gage n'adirigs. 

3. Inaccuracies of observation by the gage observer. 

4. Ihsufficient readings to giv(‘ tlu‘ triu^ daily mean. 

The |)ermanence of the original installation of the gage will largely 
determine the errors due to cliange in datum. If the gage is protxirly 
installed and the gage datum is frequently checked by a level errors 
from this cause sliould seldom occur. They are, how(W(n’, cumulative 
and therefore specially serious. The importance of the maintenance 
of gage datum and the precautions in connection tlierewith have been 
fully discussed on pages 23 to 3(>. 



Examples for use of diagram. 


Plate Vll. 


OPEN 



^ Find. 

Procedure. 

N 

c 

Locate point where radial line n= .026 
cuts slope curve s= .00015; join this point 
with point on hydraulic radius scale R == 4.5. 
This line cuts the vertical scale of coefficients 
in c — 75. 

R 

Locate point n— .026, s= .00015; join 
this point with c =- 75. The prolongation of 
this line cuts hydraulic radius scale in = 4.5. 

s 

s 

Join R= 4.5 with c— 75; prolong this 
line to cut radial line n = .026. This inter- 
section falls on slope curve s = .00015. 

n 

H 

Join R= 4.5 with c= 75; prolong this 
line to cut slope curve 5 = .00015. This in- 
tersection falls on radial line n= .026. 

N 

s 

< 

Find, as in Ex. 1, c= 75; draw line join- 
ing R = 4.5 ^dth 5 = .00015 on vertical slope 
scale. A line through c—75 parallel to this 
one cuts velocity scale in V= 1.95. 

n 

Join R = 4.5 with 5 = .00015 on vertical 
slope scale. A line through V = 1.95 parallel 
to this one cuts scale of coefficients in c = 75. 
As in Ex. 4, find n = .026. 

R 

Assume R = say, 5; with R= 5, find, as 
in Ex. 5, V— 2.10 — showing that assumed 
R is too large; try E = 4, and interpolate. 
That value of R wffiich makes V = 1.95 is the 
true value. 

s 

?qi 

i I 

ae 

Assume s = say, .001; with s = .001, find, 
as in Ex. 5, F = 5.0 — showing that assumed 
s is too large. Tiy s = .0001, and interpolate. 
That value of s which makes F= 1.95 is the 
true value. 
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The refinement to which the gage must be read will depend on the 
sensitiveness of the station. For ordinary stations, equipped with staff 
gages, readings to the nearest quarter tenth are usually sufficiently accu- 
rate and can be readily obtained by the average observer; for canals and 
small streams it may be necessary to read to hundredths; for large 
streams, readings to half tenths or tenths may be sufficiently close. 
Errors due to refinement of readings are generally compensating, but 
they may be cumulative for considerable periods when the stage is 
constant. The refinement to which gage heights must be read and used 
for determining daily discharge depends on the station rating curve and 
is discussed on pages 104 to 107. 

Errors due to inaccuracies of observation by the gage reader may be 
either compensating or cumulative. They will depend on the honesty 
and intelligence of the available gage reader and can be guarded against 
only by careful instructions and close inspection. In xnany localities it 
is necessary to install automatic gages on account of the incompetence 
of available observers. When the automatic gage is used special care 
must be taken in placing the record sheet, as any errors in setting will 
introduce cumulative errors in the discharge. 

The number of observations to be taken daily in order to obtaii 
true mean daily gage height will depend on the characteristics of me 
stream and should be determined for each gage station by a series of 
hourly gage readings, taken at various times throughout the year, as 
the errors due to this cause may enter only at certain seasons. Errors 
of this kind will usually be cumulative although under some conditions 
they may he compensating. For streams wliose flow is regulated either 
naturally or artificially the mean daily stage can be obtained only by 
an automatic gage; for unregulated streams two gage readings a day 
will, as a rule, give the Tuean stage with sufficient accuracy except 
during flood |)criods, wlien additional readings should be taken. 

The accuracy of the gage readings will depend largely on tlie type and 
character of the gage. All direcT-reading gages sliould be plainly gradu- 
ated, either to tenths, half haitlis, or liundredtlis, the graduation depend- 
ing on the refiiuirnent to which the gage is to be read, and they should 
be so placed that they are easily accessible to the observer. 



CHAPTER IV. 


WEIR STATIONS. 

In a broad sense a weir is any artificial structure placed in a stream 
for the purpose of raising the surface of the water. A weir for measuring 
discharge must have a well-defined form and a reasonably level crest of 
permanent shape and elevation, and must not allow a large percentage 
of the water to pass through, beneath, or around it. 

Weirs may be used for measuring the quantity of water in streams 
because water flows over them in accordance with known, definite laws. 
They become available for such measurement by the use of formulas in 
which the quantity of discharge is expressed in terms of the dimensions 
of the weir and the head of water on its crest, and by coefficients 
which have been determined by experiments. 

Weirs may be divided into two classes — (1) sharp-crested, or standard 
weirs, and (2) broad-crested weirs or dams, the distinction depending 
on whether the water in passing over them comes in contact with the 
crest on a line or a surface. Either of these two classes may be sub- 
merged or may have a free overfall — that is, the elevation of the w^ater 
on the downstream side of the w'eir may be above or below' its crest. 
Weirs ,of either of tliese classes may be vertical or inclined. Usually 
measurements of flow are made only at vertical w^eirs having a free 
overfall, and the follow'ing discussion is limited to tliat class. 

In considering the establishment of a w'cir station, choice' rmist gener- 
ally be made betw'een a vedocity-area station, th(i use of an (‘xisting dam, 
or the construction of a sliarp-cn'sted w'eir to b(‘ used (‘xedusively for 
obtaining a record of flowx Th(‘ choiee l)etw'een th(‘S(' type's of stations 
will be governed largely by con(litie)ns relating te) the e:()st and accuracy 
of tlie records. 

SH A RF-( JR MSTE I ) WEI RS. 

Sharp-crested weirs used under heads of not to exceed 5 feet offer 
the best facilities knowm for determining the flow of streams whose 
discharges are too great to be weighed or measured in a calibrated tank. 
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The coefficients for use in formulas for such weirs have been carefully 
determined for heads under 5 feet, and have a small range in value. 

The use of sharp-crested weirs is generally limited by their cost to 
comparatively small streams or to streams of which very accurate 
records of flow are desired. They are most commonly employed to 
divide water among several users, especially for irrigation, and the 
principal requisite for their location is a site at which the weir can be 
economically constructed so that there will be no percolation or leakage. 



Fig. 20 Cippoletti Weir, with Water Register in Place. 


Sharp-crested weirs may be either rectangular or trapezoidal in form 
and must have a crest of such dimensions and height that the water 
will have free fall over it with provision for the admission of air under 
the overfalling water. 

As commonly arranged, the weir projects sharply from both sides 
and the bottom into the channel conducting the water, thus making 
the dimensions of the cross-section over the weir less than those of the 
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channel of approach. This reduction in the cross-section of the channel 
causes a contraction of the water at the bottom and the ends as it passes 
over the weir. If both end and bottom contractions exist the weir is 
called a contracted weir. This contraction may be prevented by arrang- 
ing the channel of approach so that the water is guided both on the bot- 
tom and ends directly to the crest of the weir, making what is called 
a suppressed weir. In many weirs the end contractions only are sup- 
pressed, when the weirs are said to be partially contracted. 

End contractions cause a virtual decrease in the length of crest of the 
weir. For rectangular weirs this effect is provided for in the formulas. 
The Cippoletti weir (fig. 20), which is the most common form of 
trapezoidal weir, is constructed with the outward slope of each end 1 
horizontal to 4 vertical. This causes an increase in effective length as 
the head increases, thus very nearly compensating for end contraction. 

In sharp-crested weirs the channel of approach, fore bay, hydrant, 
or stilling box from which the water flows over the weir must either be 
sufficiently large to eliminate velocity of approach to the weir, or a cor- 
rection must be made for such effect in the computations. The struc- 
ture will therefore vary in size and arrangement for the accommodation 
of different quantities of water. 

BROAD-CRESTED WEIRS.® 

Weir stations on large streams will usually be located at existing dams 
which are constructed for purposes of power or navigation, and selec- 
tion must be made between several available dams or between a dam 
and awelocity-area station. In either case the advantages and dis- 
advantages of each locality must be carefully considered, as the value of 
the resulting record of discharge will depend largely upon the possibili- 
ties of the station. As compared with velocity-area stations dams may 
have the advantage of continuity of record through the period of ice 
but the disadvantage of uncertainty of coefficients to l)e used in the 
weir formulas and complications due to diversion and use of w'ater. 

In investigating the availability of a dam for gaging purp()s(‘s, obser- 
vations must be made concerning certain conditions which are necessary 
to insure good records. These conditions may he divided into two 
classes — (1) those relating to the physical characteristics of the dam 
itself, and (2) those relating to the diversion and use of water around and 
through the dam. 


“Stations at broad -crested weirs are fully discussed in U. S. Geol. Survey Water-Supply Papers 
Nos. 200 and 180. 
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The physical requirements are as follows: (a) Height of dam such 
that backwater will not interfere with free fall over it; (6) absence of 
leaks of appreciable magnitude; (c) topography or abutments which 
confine the flow over the dam at high stages; (d) level crests which are 
kept free from obstructions caused by floating logs or ice; (e) crests of 
a type for which the coefficients to be used in Q = clH^ or some 
similar standard weir formula are known ; (/) either no flash boards or 
exceptional care in reducing leakage through them and in recording 
their condition. 

Preferably there should be no diversion of water through or around 
the dam. Generally, however, part or all of the water is diverted for 
uses of power or navigation. Such water must be measured and added 
to that passing over the dam. To insure accuracy in estimates the 
water diverted must be reasonably constant in quantity, and so utilized 
that it can be measured either by a weir, a current meter, or through a 
simple system of water wheels which are of standard make or have been 
rated as water meters under working conditions and so installed that 
the gate openings, heads under which they work, and their angular 
velocities may be accurately observed. 

The combination of physical conditions and uses of the water should be 
such that the estimates of flow will not involve, for a critical stage of 
consideral)le duration, the use of a head on a broad-ci'ested dam of 
less than 6 inches. Moreover, when all other conditions are good, 
a careful observer is still essential in order to obtain reliable results. 

The fi(d(l work for the establishment of a station at a dam must be 
sufficient to provi(l(‘ for obta,ining the records of gage height, and must 
also include the surveys and the collection of information which will 
make possible the corre(‘,t interpretation and application of these records 
in the computation of discliarge. It must consist, therefore, of the 
establishment of a ga.g(^ for d(d.(u*mining the liea,d on t,he darn, and, if 
writer is div(U'ted througli a h(\ad race and us(‘d through wheels or wasted 
through gates or oven* W(‘irs, the (‘stalrlishnumt of sidlictuuit other gages 
for determining t-h(* (‘fhad-ive h(‘ad on such turbines, gat(‘s, or weirs. 
I^rovision must Ire mad(‘ for tlu' sysUmiatir^ r(‘a,ding of theses gagers as 
well as for recording tln^ conditions of wh(*(‘bgate o|)(mings, speed of 
wheels, (devations of er(‘sts of a,djustabl(‘ wastes w(nr*s, openings oi waste 
gates, and (d(‘vation and (‘ondif.ions of flash boards. Tlu' gages must 
each be referenc(Ml by a (‘onv(mi<mt Ixmeh mark <a,nd rdl (a)iUHH*t(Ml by a 
line of h'vels. An instriinHmtrd survey of tlur dam must be niad(‘ to 
deternime the lengtti, ])rofile, and cross-section of the crest. Cross* 
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sections of the channel of approach to the dam should also be measured 
in order to estimate the velocity of approach. Usually special forms for 
records and computations must be prepared for each such station. 

WEIR FORMULAS ® 

The discharge over a weir is the product of the area of effective cross- 
section of the vein of water passing over it, the mean velocity in this 
area, and a coefficient determined experimentally, which varies with the 
form of the weir. The area of cross-section is determined approximately 
by the length of the crest and the head or the depth of water on it. The 
velocity is determined approximately by the head. These two quanti- 
ties, length of crest and head, together with the coefficient, are therefore 
factors entering all weir formulas. They must, however, be modified 
for differences in forms of weirs, conditions of contraction, and velocity 
of approach. 

The effects of end contraction and velocity of approach are allowed 
for in the formula by modifying the length of the crest and head respect- 
ively, or in the coefficient. The coefficient to be used in any instance . 
must have been determined for that particular formula. 

FUNDAMENTAL FORMULAS. 


The fundamental formula for rectangular weirs may be derived by 
the calculus as follows : 


dy 


H Q^c 


rH 

J V2<7?/ 


Idy—'^cl \ 2g Hi 


( 1 ) 


in which I represents the length of the weir ; //, the head of watt^r on the 
weir; y, the head on any horizontal strip of differential width, d//; <j, the 
acceleration of gravity; and c, coefficient that must Ix' (hhc'nniiuui 
experimentally and that varies with different conditions of (m-c'sI , channel 
of approach, etc. In the integral expression, \ 2gy is tlie tlu^ondical 
velocity of the water in the strip whose area is Idy. Th(‘ int(‘gration 
between the limits 0 and H of the products of the infinit(\sinial anais 
by the velocities through them gives the total disclu u-Kc, Q. 

Modifications are made necessary, as previously explained, by reason 


•See Hydraulics, by Hamilton Smith, jr. 
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of velocity of approach, variations in contraction of the water as it 
passes the weir, or variations in form of weir. If the end contraction 
is perfect, it causes at each^end of the weir a shortening of the effective 
length by approximately AH. 

If allowance is made for such end contraction, formula (1) becomes 

.2H) (2) 


The same results are also accomplished in a different way by modify- 
ing properly the coefficients used in formula (1). 

The velocity of approach V causes a virtual increase in head. The 
magnitude of^such increase is the head corresponding to that velocity, is 

represented by A, and equals ™ . Such velocity of approach may be 


obtained approximately as the quotient by dividing the discharge by 
the area of cross-section of the channel of approach. The result so 
obtained should, however, be multiplied by a coefficient greater than 
unity (usually assumed to be between 1 and 1.5). Since the amount 
of the discharge is the quantity to be determined, the approximate 
value of V must be found from an approximate determination of Q by 
an application of the weir formula, neglecting the velocity of approach. 

The correction for velocity of approach may be effected by adding h 
directly to the measured head in formula (1), as follows: 


i {H^h)l (3) 


or the correction may be applied before integration as follows: 


Q=c.f I (;*/ + h.) ld\j = d V 2g[{H + A)i— All (4) 

b *- J 

Formulas (8) and (4) are l)otli in common us(\ 

Tlie forniulas already exj)lained — (1), (2), (3) and (4) — serve as bases 
for th(‘ formulas of all fnM‘ overfall rectangular weirs, wfiether sharp 
or broad-crested- Valu(‘s of r liava^ Ixhui dcterminc'd for use in each 
of th(‘se formulas for various typ(bs of weirs. Many sets of coeffi- 
cients ar{‘ therefore available, i)ut (\‘ich is applicabh' only to its formula. 


iU':(’TAN(nri.AH, wmas. 

Th(‘ formulas shown al)ov<‘, or slight modificiitions of them, are in 
geiKu'al use for rectangular wears. Of the modifications in common 
use, tlie Francis jortnula (5) is th(‘ sim|)Iest in form and application. 
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Francis determined that for a suppressed weir, without velocity of 
approach, c had an average value of 0.62. The product of the three 
constants of formula (1), 0.62, §, and V 2g == 3.33, thus making 

Q = 3.33 ZHt (5) 

The discharge per foot of length as determined by this formula is 
given in Table II, pages 190, 191. 

When modified to allow for end contractions and velocity of approach, 
formula (5) becomes 

3.33 (Z-.2H) [(i? + , (6) 

If there is no velocity of approach formula (6) becomes 

Q == 3.33 (1—.2H) m (7) 

Table I, pages 188, 189, shows the discharge determined by formula (7). 

In the use of formulas (5), (6), and (7), the dimensions must always be 
expressed in feet, because that unit has been introduced in the value of 
Qj which appears in the coefficient. 

Other formulas in common use were devised by Bazin, among which 
is the following, which gives the discharges for a sharp-crested weir 
without end contractions: 

« _(o.«).5 (l + 0.55-jj^,) iff ViiB (8) 

in which H = observed head in feet ; p = height of weir in feet ; I == 
length of crest in feet; Q = discharge in second-feet. 

Table IV, pages 194-196, shows the discharge as computed from 
formula (8). 


TRAPEZOIDAL WEIR. 

The trapezoidal weir is unimportant, except the Cippoletti weir 
(fig. 20), in which the outward slope of the ends (p. 83) counteracts 
the decrease in length due to end contractions. Ordinary formulas for 
suppressed weirs are therefore approximately applicable to it. Table 
II may be used for the Cippoletti weir with an error of about 1 per cent, 
giving results too small by that amount. Special determinations of 
coefficients for this weir have, however, been made and the resulting 
formula for discharge without velocity of approach is 

Q = 3.3| Zffl 


(9) 
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BROAD-CRESTED WEIRS. 

Coefficients for several types of broad-crested weirs have been deter- 
mined by Bazin, in France, and under the direction of Prof. Gardner S. 
Williams at the Cornell University Testing Laboratory, for the United 
States Deep Waterways Commission, by Mr. John R. Freeman and by 
members of the United States Geological Survey. The results of all 
of these experiments have been brought together by Mr. R. E. Horton 
in Water-Supply Paper No, 200, United States Geological Survey. 

In u -S paper it is shown that within certain limits of head the 
discharge over several types of broad-crested weirs may be found by the 
use of formula. 

Q = 2.64 IHi, (10) 

This formula is applicable to broad-crested weirs of any width of cross- 
section exceeding 2 feet within such limit of head that the nappe does 
not adhere to the downstream face of the weir for low heads nor tend to 
become detached from the crest with greater heads. If the latter con- 
dition exists, the coefficient increases to a limit near the value which 
applies for a thin-edged weir, a point being finally reached where the 
nappe breaks entirely free from the broad crest and discharges in the 
same manner as for a thin-edged weir. Formula (10) may be applied 
safely to any weir having a crest width exceeding 2 feet and with heads 
from 0.5 foot to 1.5 or 2 times the breadth of weir crest. Table III, 
pages 192-193, shows the discharge as determined by this formula. 

From the experiments mentioned above Mr. E. C. Murphy has 
developed multipliers to be used in connection with Bazin’s formula 
for discharge over a sharp-creshul wdr to find the discharge over a 
broad-crested weir. Tables V, VI, and VII, pages 197-199 and fig. 39 
show these multipliers and the forms of weirs to which they pertain. 
These tables are to be used in connection with Table IV, w'hich has 
been made the basis in their computation. 

(COMPUTATIONS. 


In the computation of discharge over a weir, whether sharp or broad- 
crested, a rating table is first prepared which gives the discharge for the 
various heads occurring during the period of observation. This rating- 
table is computed by substituting values of head, dimensions of weir, 
and coefficients depending upon the type of weir under consideration 
in the formula applicable to such weir. 
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Many dams, unless built of solid masonry, have irregular crests due 
to unequal settlement. Such a dam must be divided into parts, each 
of which has a uniform elevation of crest, the formula applied to each 
part independently, and the results combined to form the rating table. 

If any fixed condition of flash boards or other modification of the 
crest of the dam exists for a considerable period of time, a similar rating 
table should be made also for such condition. In the same way it will 
be found to be economical to compute rating tables for any fixed waste 
weirs in the head-race and for the usual condition of waste gates, wheel 
gates, etc., which are sufficiently constant to warrant such compu- 
tations. 

With rating tables at hand as above described, the computations of 
daily discharge are made by entering each rating table for the partial 
discharge through or over the structure for which that table has been 
made. The partial discharges so obtained are summed to give the 
total rate of flow. Discharges at stages and for conditions which are not 
covered by the rating tables must be computed independently. 

These rating tables are as a rule instrumental in saving time in the 
computations, but their principal value arises from the fact that errors 
are much less likely to appear in the results than if each discharge is 
computed independently from a formula. For the same reason tables 
are more satisfactory than diagrams. 



CHAPTER V. 


DISCUSSION AND USE OF DATA. 

(X)MPUTATION OF DAILY FLOW. 

Certain analyses and computations must precede full use of field data 
in regard to stream flow. The first step in such analyses is the determi- 
nation of the daily flow, which is computed in terms of second-feet and 
is the basis for all future deductions and discussions. 

The daily discharge of a stream may be computed in various ways, 
the noethod to be chosen depending on the method used in making the 
discharge measurements — whether by weir or by the velocity-area 
method. Computations for weir stations are described in Chapter IV. 

The base data necessary for the computation of daily flow for velocity- 
area stations are: 

(1) The results of occasional discharge measurements, 

(2) Records of gage heiglit, and 

(8) D(iscrii)ti()iis of conditions at the gaging station. 

Tlui nuithods a(loi)t(‘d depend on the control section (see pages 45 and 
4()) — whetlun* ])ermanent, shifting, or affected l>y ice as described on the 
following pages. 


<iA(;iN(J STATIONS WITH 1‘ERMANKNT CONTROL. 

For stations on str(;ams witli ixuTnanent IxhIs it is |)os8il)le to prepare, 
from tlie data <H)ll(Ht.<‘d, station rating tables, each of whi(‘h gives for its 
station the (lis(!ha,rg(^ whicti eorn^sponds to any stages of the stniam, and 
which, wh(‘n a,ppli(Ml to th(Mla.ily gag(j h(‘ights, giv(^s tlu^ daily diseharg(‘. 
The basis for a, sta,tion rating ta,l)l(^ is a ratingcurve which shows graphi- 
(‘iilly th(; dis(*harg(^ (‘orr(‘Sponding to a.ny sta,g<^ of tlu^ str(‘a,in and is 
usually constriutA^d liy plotting th<^ r<‘sults of tlu^ various dis(‘ha.rg(^ 
1 1 1 ( ‘.as u re in ( ‘ n ts w i t h gag( h ( * i gh t.s as o rd i n at ( !S a, n d d i s( * h a, rg( !S a s a I )se i ssa, s . 
These points d(‘fin(‘. th(‘ eurv(‘, which is tluai drawn by usii of Fnaudi 
eiirviiS. Tlie rating tat)l<‘ is th(‘n <l<t,(‘rnnn(Hl from the rating curve by 
tabulating th<^ diseha,rg(‘S for <“aeh tenth changes in stage, adjusted by 
taking first a,nd second diff(a*(‘n(‘<‘S. 
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If accurate and well-distributed discharge measurements covering the 
range of stage are available, the station rating curve can be readily 
constructed. Frequently, however, the measurements are more or less 
discordant and do not cover all stages. A*s a result special studies are 
necessary to determine the relative accuracy of the measurements and 
the position of the curve. 

Since the discharge is the product of two factors — the area and mean 
velocity — any change in either factor will produce a corresponding change 
in the discharge. The curves of area and mean velocity furnish, there- 
fore, valuable assistance in studying the accuracy of the measurements 
and in determining the true position of the rating curve. These curves 
are defined by plotting gage heights as ordinates, and area and mean 
velocity, respectively, as abscissas. 

Curves of area and mean velocity can be constructed only when the 
channel, both at the control and the measuring section, is permanent. 
If the control remains permanent, the rating curve for the station will 
be well defined, even though shifts at the measuring section may make 
the construction of curves of mean velocity and area imj>ossil)le. If the 
control is permanent the effect of changes in area will be counteracted 
by changes in velocity, tluis making no change in the rating curve. 

AREA CURVE. 

The curve of area shows tlie relation between the gage height an<l 
the area of the cross-section of the stream. This area must iiudu(h‘ 
l)oth moving and still water in order to he useful for comparison. Two 
factors, the width and depth, or gage height, govern the form a.nd posi- 
tion of the curve, which is normally concave to tlie A" axis hut may, 
under special conditions, he straight. For ordinary conditions, wla^n* 
the width increases with the stage, tlie curve may assuinud to lx* a 
series of parabolic arcs whose iiararneters vary witli tlu^ slojx* of tfio 
banks. If the banks are vertical the increment is constant and tin* 
curve becomes a straight line. It is never concave to th(‘ )' axis unless 
the unusual condition of overhanging l)anks exists. 

The area curve can always IxMlcfinihdy drawn from a crircfid s(‘ri<*s 
of vsoundings, which should h(‘ taktm at low water, during the {leriod 
over which the discliarg(‘ curve* is to a.[)[)ly, and lx* (h'velojxxl to high 
water by use of a level. The curve ca.n ht^ couKtructexl (‘asily, an«l 
generally witli sufficiiait accuracy, by determining tin* an'a only at 
those gage heights at which tlic slo[)c8 of the hanks change. If ext ream* 
accuracy is desired the ari^a should ])e coni|)ut(Hl for eacli }ia.lf-foot of 
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gage height. High-water soundings and those made in deep streams 
in which the velocity is great are liable to large errors, and areas com- 
puted from them should be carefully scrutinized. Such soundings have 
been more prolific of sources of error in discharge measurements than 
all other factors combined. 

Since for an infinitesimal change in stage the increase in area equals 
the product of the width at that stage by the difference in gage height, 
it follows that the width equals the quotient of the increase in area 
divided by the difference in gage heights, which ratio is the tangent of 
the angle that the area curve makes at that stage with the vertical; 
therefore the direction of the area curve for any stage is determined by 



plotting from the vertic^al tlu^ angle whose tang(vnt is tlie width at that 
stagii. As most ar(‘<a (uirv<‘S a,n^ distorted l)y magnifying the vortical 
scale, the prin(di)l(^ is utiliz<Ml by laying off unity on the vertical or 
gage-height axis to the scales of gage hc.iglits, and tlu^ wi<lth on tlu^ 
horizontal or a.r(‘a- axis to th(‘ S(‘a,l(^ of ar{‘a (fig. 21). 

Huch (‘urves w 1 i(‘n r{‘f(‘rr(‘<l to origins of (coordinates a,t th(c elevation of 
the lowest i)oint in tlie c.ross-section exhibit tlie following us('ful chara(‘- 
t(cristi(cs; (a) For all s(‘ctions ex(cept those with Hat lK)ttoins the area 
curve beconu'S tangent to the Y axis at the origin; (b) if the l)ottom is 
flat the curve cuts tlie Y axis at the origin at an angle whose tangent is 
tiu^ width of tlie liottom (a, fig. 21); (c) if the banks are vertical th(‘ 
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increment is constant and the curve proceeds in a straight line (fig. 21) ; 
(d) the area curve is permanent in curvature for all gage heights above 
the plane below which all shifts occur. 

The accuracy of the areas as measured at the time of discharge meas- 
urement may be quickly tested by plotting them and drawing through 
each a straight line whose direction is tangent to the curve at that gage 
height and is determined by the width of the stream, as explained above. 
The curve should then be drawn from mean low water and kept parallel 
to the tangents at each point. Errors and discrepancies are at once 



apparent (fig. 22). The abscissas between tlie plotted points and the 
curve show the error resulting from the combination of errors in co:ri[)u- 
tation and soundings, and from changes in channel. 

At stations where the banks of the stream are practically permanent, 
changes in section, if any, take place usually below the low-wateu' line. 
If the area of such a section changes, the part of the curve above low 
water, which has been accurately constructed, may be shifted a proper 
distance horizontally to the right or left and be made to show accurately 
the areas of the new cross-section (fig. 21). The constant abscissa 
length between the old and new position of the curve is the algel)raic 
sum of the changes in the area of the section, T~ for gain in area by 
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scour and — for loss in area by fill. A single determination of area at 
any gage height above low water therefore determines the new position 
of the curve, c (fig. 21). 

MEAN VELOCITY CURVE. 

As stated in Chapter III, the mean velocity of the stream is the aver- 
age rate of motion of all the filaments of water of the cross-section and 
depends principally upon (1) the surface slope of the stream, (2) the 
roughness of the bed, and (3) the hydraulic radius, and has been expressed 
in the Chezy formula as 7 = c i/Ss, in which the coefficient c has been 
expressed by Kutter in terms of s, R, and n. 

Since slope is the most important factor affecting velocity, when the 
rate of change in the slope is rapid the velocity tends to follow such 
change. When the slope becomes constant, changes in the velocity are 
controlled by the other two factors, the hydraulic radius and the coeffi- 
cient of roughness. 

The curve of mean velocity shows the relation between the gage 
height and the mean velocity of the current in the measured section. 
It is located by means of points which are determined by plotting the 
gage heights and corresponding mean velocities as coordinates. If 
sufficient measurements have been made to define the curve throughout 
the range of stage, no further investigation of its properties will be 
necessary. It frequently happens, however, that the curve must be 
constructed from limited or discordant values of velocity. To do this 
intelligently and satisfactorily a knowledge of the properties of the curve 
under various conditions of flow is essential, and in such cases it is 
advisable to develop the curves of R and s. 

For usual conditions of natural flow in which the stage of no flow 
is the low(‘st point in the measured section, the mean velocity curve 
has approximately the form of a parabola with axis vertical and origin 
at or l)elow the bed. It approaches a straight line, however, for the 
high(‘r stages. 

Wluui the gaging section is in a stretch of the stream wh(‘re zero flow 
occurs witli pondcul water at the section of the gage, the mean velocity 
curve will r(‘vers(' at low stages and approach zero convex to the gage 
axis. The degree of curvature and the point at which the curve re- 
verses are appanuitly governed chiefly by the amount of ponded water 
at the gage, the roughness of the bed, the form of the controlling bar, and 
other channel conditions. If the stream is small and shallow the 
change in direction is more abrupt. This peculiar reversal is probably 
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due to the rapid rate of change of the slope at extreme low flow. At 
zero flow the slope is of course zero. The least flow causes a slope of 
the surface and this slope increases with the stage, up to a certain point. 

Three methods of extending the mean velocity curve from medium 
stages to high water have been employed: (1) Extend the curve as 
a tangent from the last observed value; (2) extend the curve as a 
hyperbola, i. e., approaching the straight line as its asymptote; (3) 
assume the slope constant or increasing slightly over the intermediate 
stages and compute the value of the velocity from the formula T = c J Rs, 
using the most probable value of the coefficient of roughness. 



The curve should be extended into low water with the greatest care. 
A slight variation from the true direction of the curve means a large 
percentage of error in the resulting (‘stimate of minimum (]is(‘}iarg(‘. 
All conditions at the station should be studied. Tlie curv(‘ must always 
be drawn to intersect the Y axis at the gage hcaght of zero flow. If tlu? 
point of zero flow is not known its true position will lie b(‘t,w<‘en the 
gage height of the bottom of the channel and the point where tiie tan- 
gent to the discharge curve at its lowest known value cuts the Y axis, 
as between a and b, lig. 23). If the mean velocity curve int(‘rsrcts tlui 
axis above the gage height of the bed of the stream — tliat is to say, if 
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there is ponded water — the curve will be convex to the Faxis; if it 
cuts the axis at the gage height of the bed of the stream the curve will 
be concave to the F axis (fig. 23). 

When measurements are not made at the gage — for example, when 
low-water measurements are made by wading — the discharge should 
be divided by the area of the section at the gage and the resulting 
velocity plotted on the velocity-curve. Points so found are useful in 
extending the velocity-curve into low water. 

When the current is diagonal to the measured section the observed 
velocities should be reduced to velocities at right angles to the meas- 
ured section, but the area should not be reduced. The area is a 
measured quantity, while the angle of the current is usually estimated 
and often varies with the stage. 

STATION RATING CURVE. 

Station rating curves which show^ graphically the discharge corre- 
sponding to any stage of the stream may be plotted either on ordinary 
or logarithmic cross-section paper. When ordinary cross-section |)aper 
is used the measurements of discharge are |>lotted either with discharge 
and gage heights as coordinates or with discharge and A j/(i as (soordi- 
nates, in which A is the area and d is the mean depth of the cross -sect ion. 
When logarithmic cross-section paper is used, dis(*liarg(\s ami gage 
heights are the oord i nates. 

Ordinary cross-section paper with discharge and gage height as coord i- 
7 mtes.—Tho usual method of constructing a rating eurve for a geging 
station is to plot the results of the discharge mi'asunmHuits on ordinary 
cross-section paper with gage heights and (a)rresj)onding disehargf‘8 
as coordinates (tig. 21). 'I'he points so loeatt^d dtiine tie* pmiiion of 
a ciirverwhi(‘h is drawn among tlieni. Tlui horizontal and V(‘rtieal Hcah\s 
will be so chosen that the curve may he us(‘(i within tin* limits of aecaj- 
racy for the work, and in its crituail f)orti()ns will inak(‘, as noarly as may 
be, angles of 45° with each axis. Tla^ diseliarge eurvt* nnd(*r natural 
special coinlitions, (lu(‘ to (iiang(‘ in control, it nuiy rcvorsr at high 
sta.g<^s and become concave to the gage axis. 

If a sufFi(ti(mt numlxu' of accurate discharge rneasununent s an* avail- 
able and are distrihutcHl throughout tin* rang(' of stage, flu* discharg(‘ 
curve may be readily and accurat<‘ly const ruct<Mi. When such meas- 
urements are not available curves of naisonalile accuiraev may fr<‘(|uently 
be constructed by use of area and mean velocity curves or by one of the 
other methods of plotting. 
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Gage height in feet 

SiM55;B!a!:i8aafe!*48iiS 



Discha econd-feet 
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Id. order to determine the accuracy of the individual measurements 
used in locating the station rating curve it is necessary to plot, as a 
function of the gage height, not only the discharge but also the mean 
velocity and area for each measurement. In this plotting the same 
gage-height scale should be used. The true area curve and approximate 
curves of discharge and mean velocity are then drawn through the 
points. The relation of the plotted points of discharge to the rating 
curve will show any discordant measurements. Whether the discord 
is due to erroneous area or velocity determinations will be shown by 
the relation of these respective points to the area and velocity curves, 
and the cause of any discrepancies in either factor can then be investi- 
gated. Such discrepancies may arise from error of observation or of 
eomputation. 

The relative accuracy of the various plotted discharges having been 
determined, the rating curve can then be drawn, due weight being 
given to the various measurementB. Points for j)t)rti()nB of the curve 
not definecl l>y actual discharge measurements can l)e determined l)y 
multiplying thc‘ area by the mean velocity as measured from the curves 
of area and vehxnty. For extending the rating curve either above or 
below the limits of the rnc^asurements the mf‘an vehxaty and area curves 
may he constructed, as previously descril)(‘d, to th(‘stag(‘s for which the 
disf‘harge (nirve is d(*sin‘d, and the discharge curve found by taking 
th(‘ product of the two curves. 

Wliatcvver the mcdlicxi adopt(‘d in drawing the rating curve it should 
always lie cheedved I>y Cf)rn|)uting the <*ur\a* of rn(‘ari \adoc‘ity from the 
eurvt^s of anai and dis{*harg{‘. If tlie cur\a‘ of m(*an vcdocity so deper- 
mintnl is not eonsist(*nt with conditions at and n(*ar the station t,he 
discliarge curv(‘ should h(‘ rc‘vis(*d. 

The discluirg<‘ at. a givcai stageof a ra|)idlv rising str(‘ani is larger than 
for a falling or stafionarv stnaun at the sane* stag<*,as tin* surface slope, 
and Ihuicc tin' velocity, is greater for tlie first condition. Idiis effect is 
but littl(‘ notictMi (‘X(‘ept during jxa'iods of (‘xtreine high wat(u. At 
such tiiii(*s tile wat(‘r {lasses down the stnxiin in a flood wave, and after 
th(‘ cr(\st is [lasscd a retarding eifect may lie causexi whicdi may reduce the 
sl()p(‘ pracdicaily to zero. 

Tile curv(‘S shown in fig. 2o illustrate tiiis. 'Fheyare based upon th(‘ 
table of nieasurciiients oil {>ag<‘ 101. 'riierefere, in htudying the ploti{‘(l 
nK‘asurenients, the fact whether tin* stream is rising, falling, or station- 
ary should he considered. Inasmu<di as rising stag<*s ar(‘ of iniieh 
shorter duration than falling or stationary stages, more w<dght should 
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be given to measurements made on falling or stationary than on rising 
stages. 


Discharge measurements of Ohio River at Wheeling, W. Va. Made in 1905 by 

E. C. Murphy. 


No. 

Date. 

Area of 
section. 

Mean 

velocity. 

Gage 

heignt. 

Change 
of stage.® 

Discharge. 

5 

March 20 

Sq. ft 
38.890 

Ft. per sec. 
5.89 

Feet. 

28.2 

Feet. 

+ .68 

Sec.-ft. 

229,200 

6 

20 

42,760 

6.13 

30.8 

+ .60 

261,900 

7 

" 21 

54,780 

6.23 

38.9 

+ .37 

341,100 

8 

“ 21 

■57,360 

6.18 

40.7 

4., 20 
4-.06 

364,400 

9 

22 

59,580 

6.07 

42.06 

361,600 

10 

“ 22 

60,510 

6.06 

42.5 

+ .05 

365,700 

11 

23 

58,830 

6.73 

41.6 

-.20 

336,900 

12 

.. 23 

56,790 

6.60 

40.3 

-.27 

318,100 

13 

** 24 

49,260 

6.20 

35.2 

“■..36 

265,800 

14 1 

24 

45,550 

4.99 

32.7 

-.40 

227,300 

15 

25 

37,560 

4.95 

27.2 

-.23 

186,100 

16 

“ 25 

35,050 

4.80 

26.5 

-.14 

168,100 

17 

“ 27 

30,830 

4.83 

22.44 

-.05 

149,100 


"Kate of rise or fall per hour; rising +; falling — . 


As the mean velocity and area curves, which are factorial curves in 
making the station rating curve, do not under ordinary conditions follow 
any mathematical law, the discharge curve will not generally be a 
mathematical curve. For ordinary streams it is made up of a series of 
parabolas. For many streams it approaches very nearly the form of 
a single paraliola. Some engineers construct the rating curve by 
inathematical treatment, by us(^ of least squares. In ordinary practice, 
liowfwer, this is not considcirod firacticable, as the graphic method can 
\)p. used with greatf^r (‘as(‘ and speed and gives results as close as the 
data will justify. 

If th(‘ (‘iigiiK'er is fainilia,r with the conditions in the channel at 
and iH'ar th(‘ station, a. lew (‘andul rneasurcmients, well distributed, 
may s(*rv(‘ to d(‘tin(‘ t in* (airv(‘ of m(‘a,n vctoeity. If slope observations 
are tak<‘n and t }H‘ f)oint of z(‘ro flow is (h'tenniiKHl, a very good approxi- 
mat.(‘ rat ing (aan h(‘ nuuh* from t wo or thr(‘(‘ inc'asurcnients. 

OrdifKirjf cross section paper, with discharge ami A coordinates . — 

In th(‘ const ruction of a, rating curva^ l>as:(Hl on a limited nundxu* of 
measiinuncnt s, it is evidtmt t ha,t it is much saf(‘r to extend a stra,iglit 
lin(‘ than a curv(\ I n v(‘st.iga,t.ions hav(‘ eons(M|uently been mad(^ of the 
component [)arls of the discharge (*iirv(‘ for a cpiantity which is r(\‘ulily 
m(^a,sura.l)hu aaid to wliich t,h(‘ discharge is a-pproximately proportional, 
for use in conjunction with t h(‘ discharge as a coordinate for plotting 
the discliarge curve. Th(‘ ar('a tjiri(‘s the square root of the mean 
depth of th(‘ stream, Ay dt has been found by J, C. Stevens to be 
such a quantity. 
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From Kutter's formula Q == Ac\^W may be written Q = (AV^} 
(ci/i). If (c i s) is constant or approximately so, then Q varies directly, 
as (Ai ^'Ji),and consequently when these two quantities are plotted as 
coordinates the result is a straight line, c is a function of s, E, and n. 
R increases with the stage. It is also a matter of observation that s in 
general increases with the stage, the relative change being small for 
high stages. For comparatively large slopes the effect of s on c is insig- 
nificant, or, to quote Trautwine, ^^for slopes greater than ,01 the coeffi- 
cient c is the same as for that slope. For flat slopes s has an appre- 
ciable effect on c. For a value of R greater than 3.28 feet or 1 meter, c 


Oi»t<fno« inifial potnf 

Mr\ mn 



ptscf>ar(je >n ^fscond feet 

Fic. 2$. Hating Curve nhowing Difirharg*^ an a Functi(»n of ,1 v 

and s vary inv(‘rs(‘iy, vvhilt* r is of a (itananisini;; function of x an<l an 

increasing funct ion of H. fhnict* the |>rotiuct of (“j x may rtunain prac- 
l.it'allv constant for a given set of ettndif ions, Init for wdiies (jf R less 
than .’>.28 hs*! , c is an inen‘asing function of both .s and /iharid htaice tlie 
product of r| s is not a constant-. I’lie v.'dut* oi this method li(‘S chitdly 
in making (\stimat(‘s for th<‘ higinu' stagt's anil is not so gcni'rally af)|)!i“ 
caf)l<‘ to shallow stn*ains. 

Based on th(‘ above conditions and assunif »t ions, dischargi* curves 
may be {)lotted with (*> and A j I\* as coordinatt'S. It has betm found, 
however, tiiat d, t he m(‘an <l(‘pth of eross-stnt ion, can be substituted 
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for R and give practically the same results in plotting. It is also easier 
to determine d than R. 

In the application of this method (fig. 26) plot the elevation of the 
bed of the stream above gage datum and thereby obtain a cross-section. 
From the cross-se^ion prepare a table giving widths, areas, mean depths 
and values of A \/d for each foot or half-foot of gage heights. Widths 
may be scaled directly from the cross-section. The table of areas is 
quickly prepared by first computing the area for one gage height about 
midway of the range of stage. For increasing gage heights add success- 
ively the areas of trapezoids formed by the widths and gage-heights 
interval. For decreasing gage heights subtract these successive areas. 

After the table of areas has been prepared the quantities A 1 / 5 

(^or wheret(;= width, can be read directly with a slide rule. On 

cross-section paper draw the curve of A using gage heights as ab- 
scissas, as shown in the diagram. After this curve is drawn the values 
of A} (1 are no longer required. Layoff a scale of discharge as abscissas 
To plot a discharge measurement project from the horizontal scale of 
gage heights to the curve of A] '5, thence horizontally to intersect the 
given discharge as indicated by dotted line. Points so plotted will 
genc^rally conform to a straight line. 

The illustration (fig. 2G) also shows the station rating curve, in which 
tla^ same scale of discharges is used with gage heights as ordinates, 
sliown on the left. 

Th(‘ straight line rnarkcMl ‘'discharge as a function of A y d’’ does 
not. f>ass througn the origin for reasons elsewhere stated as to the effect 
on tlu* coefficient r of tlu^ ra,pully changing slope at this stage. There- 
for(\ wlnnihut a single m(‘asuremcnt is at hand the line should be drawn 
to int.{‘rsiM‘t tl)(‘ s(eil(‘ of A 1 d at some point above the origin. This 
point has IxMm found l.o (X)rr(‘spond approximately to the gage height 
at which t h<‘ m(‘a,n (ie|)t.h of flowing water is between 1 and 2 feet. 

In the cas(‘, fnMpKuitly ('iicountc'nMl, wliere there is ponded water at 
th(‘ gag(‘ h(‘ight of z(‘ro discharge, tlie corresponding value of A\ d 
should t)(‘ subtracted from th(‘ tal)ular values of this quantity before 
f)lotting. 'The gag(‘ h<‘ight. for which the discharge is zero can be 
(hderrniiHMl by a ca,r(‘rul (examination, with levels or soundings, of the 
h(‘(l f)clow tlu* gaging s(‘cl ion. lAa‘n in this case the straight line dis- 
c!uirg(‘ curve* will |)a,ss a, hove* the* origin and should be treated as above 
()utlin(*(l for condit ions wh(*r{‘ pondc'd or dead water does not exist. 

IjfHjarithrnic cross-scri ion /;a/xv.-"C>oss-section paper graduated log- 
arithmically may also be used in plotting the rating curve. On this 
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I)a,per discharges and .gage heights are plotkxl m coordinates. The cairve 
resulting from the j>ointe so plotted is praxJtically a straight line anti luis 
a corresponding advantage for extension. The use ot logiirithniie en^ss- 
section pa|>er is fully discm^^l on {mg(« 145 to 15S. 

EATISCi 0» IHiC*flAE«K TABLE. 

After the station rating curve has !>een eonstruetiHi the next stt^p in 
the computation of daily discharge is to pre|>are tin! station nitiiig 
table, which gives the discdiarge of the strmm at any stoge. This table (nee 
page 108) will be constructs! either for tonths, half-tenths, or Imndreilths 
of gage height, according to the .rimdings of the gage to which it is tn be 
applied. The table is made by first tekitig the diwharges for various 
gage heights directly from the station rating cairve. Th<!se tlischargi^H 
are then so adjusted that the differences for suca^essivi! stages shall in 
general be either (Constant or gratlually increasing. 

API*LICATir).N OF EATINti TABLE *m UAUB HEICIHTH. 

In the application of a tliscdiarge rating t4ible io gagt* heights for 
obtoining tlie daily flowed a stream, it is necessary to consider, first, 
the frequency of gage* heights to be xm^d, anti set'und, the refnieinent 
tiiif*y should be useib 

wfu ff of gngv heig}tl^.—T\mm*i\vii\\y, the* moan diiiiy diHeharge^ of 
a wifoam is the irican id llic iIisi*hargfH her ev^ry siTimd during tie* day. 
In ordinary (‘om|>utatii>n t.d tiaily fhnv, it is assunmi thal, tlio nttf* of 
disidiarge thnaigtioul flu* day varif*s so litth* in' with sui-h rogularify 
that thi! daily disclmrgo may 1*0 di*tLrmim*<i by tiitoring a ra,ting ta,!»h* 
with a, moan elaily gage* he*ighi obtainoii e‘ith#*r fnnn :i bov ol»s<*rva.l ioms 
or fron,i a ocnitimie>iis re*oor*i matio by a waJor stag** r<gistor. Ah tia- 
discharge! is in ge‘n<*ral an Inen’e-asing <airvilin<‘;ir funotion <»f tin- g.ag** 
}i(,aght, tie* use* <d a- me-an elaily gag«* ie-ight wifli a rating talilo givf*s a 
re‘siilt tliat is always tno small. On tb** magiiitude* uf this ('rnu*, v\ hi,t*h 
will va,ry with tho ourvaturf < 4 ’ tie* rating eeirvt* aaei witli tie* iholy 
ra.nge* in stag**, will drpfnd wleftle-r tli** daily di.o-he rgr can !>«• oiit-uiird 
dirootly hy a, !!e*an elaily gag** h*‘ight «*r by av**ra-ging tie* « iisr] laj-gi-.. 
oorri'Spoieling U> gag*’ height.s f« >r shertfr iiiOTval:-. Ibturly <li.'rlia,rg*'-’' 
:ir<* fr(‘i|uentiy As an ultima!** limit, t ie* a.b:-t*lii!r m<-aji * iix -ha rg» - 

for tie* day may b** obtaim**! by a dis«'harg** int*‘grat*ir \vbi**h * »|)*‘ral * ,»■ t»ii 
tie* prine*i|)b* e)f a. plafiiiie-t**!* aiel e-ontains as aai f'-t'ji! ial «-b-ftif!it tie* 
niling ourve of tie* statie>n. Hu(,'h an inO-grat* »r has b*'<*n d*‘V<‘l<)|H*d bv 
Mr. S, Fuller, Assi>tant taigin*-*’!', b. S. Oe»dogi<'al Surv**3*. 

It is n<*e,**‘ssa, ry , tle‘r**f<*re, t** stsedy ea,ob gaging stati«»n, in <»r*b‘r tu 
(•ho(,)so the* fn*<|Uenoy with wbioh tie* gag** h**igbts sleuild be* a{)plie*d t4-„> 
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the rating table. In such an investigation a maximum allowable error 
of 1 per cent is assumed. The amount of daily range in stage allowable 
at a given mean daily stage, in order not to introduce errors due to 
curvature of the rating curve in excess of 1 per cent, can be found 
graphically by constructing a chord to the rating curve such that the hori- 
xontail dishince, measured by the discharge scale, from its middle point 
to the curve equals 1 per cent of the discharge at the gage height of the 
mi<ldle jK)int. The difference in gage height at the ends of the chord 
will be the allowable daily range. 

A table of such limits covering the range of stage, used with tables of 
mean daily stage and range in stage will indicate the days for which 
the muiin daily discharge can be found directly from the mean daily 
gage height and those for which more frequent intervals are necessary. 

Kefirumumt of gage hedghtB . — ^The degree of refinement necessary to give 
a Hufficit^ntly accurate determination of discharge will vary inversely 
with tlie Btege and is determined by the sensitiveness (p. 46) of the 
station: as diBclosrMl l>y a study of tlie discharge rating table. 

Gages are usually n‘ad to hundredths, quarter-tenths, half-tenths, or 
tenths. The r<*Hulting absoluh^ error of observations in individual read- 
ings are shown l>y following tal>h‘: 


Abioiute errorn for huiividual gage readings. 


Maxliinim <^rror. 

Avompro error. 

t 


Foot . 

Foot. 

Fractional parts of 


Tenths of a foot. 

Hum' 11 ugH to Vmndn'KUhfi 


o.otrii) 

A 

HimtUuK'H to quarKtr-a^nthH 

.Oil* 

.(KKJ 

A 

HouljngJ'i to 

1 .m> 

.Oil 

h 

SriMling^ to anilhH 

.(Kt 

.025 

i 

For staff and eliain gages 2 

; per <*<*nt has 

h(‘en selected 

, more or less 


arbitrarily, as tie* liinii of allowai)l(» average error in a daily discharge 
tluo to <‘rrors in tho moan daily gag(‘ The talde indicates that 

tlio maximum (‘rror for any oiio day is iwic(} the average error, so that 
thr maximum error for any on<‘ day may b(‘ *1 percent. According to 
the primaples of least wiuares, for fluetua.iing stages the average error 
in tlie moiithly moan disohargo rosulting from a, 2 pea* (u^nt avesrage 
<‘rror in moan daily disohargo is about on<‘-third of 1 p(a' (‘ont. 

llir roiinonoait to whic-h tin* moan daily gag(‘-h<aght ro(H>rdH imist be 
used —whethor to himdnMlth.s, lialf-b-nths, or tenths — in order to obtain 
tins limit of aoeiiraoy of disoharg(‘ at a.ny giviai stag(‘, will depend on 
tlie pereontage of difToren(‘<‘ in disehargt^ for sueii It^ast differences in 
gagf* readings a.t that stage, as shown by tiie rating table. 
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Ill determining this refinement prneeecl as follows and enter the reenlts 
in a table of the form gi,?en below, in which the Potomac at Point of 
Rocks, which is read twice daily to tenths, is used as an example. 

Limiii a/ aceurMp in the me -of gage, readinge. 



Preesent 

Readings 

S’taUon 

P«*r m ■ 

1 day ■ : 


i 

No. Fofjl 

Potoiaac 

•River, 

Point of 
Eoo.k», Md. 

1 

i 1 ' OJ ; 




Mini- 

Mini- ; 

Rrmr in , 
ilimdmrge ' 
dne to f 

nniirt 

rniim , 

ernired .10 ' 

Clago 

dl«- 1 

ft. In the i 

Height 

I'lw rg»‘ ! 

lit j 



minimum 

j 

ft. ' 

i 

discharge ^ 

I 

P*‘r 

(i.Mi 

mm 

**l i 


Vm mm* hftigbte ter 


lltin- 

hrU)W 




Half 

troths 


Frrt 


Trial i« 
alMivr 


FfVt 


I.h 




2.h 


Enter in column 1, the name of station; in column 2, the num lair 
of readings pir day; in column S, Binallest sulHlivision used in rc*atlirig 
gage; in column 4, the minimum known gage height; in column 5, 
takiTi from the dischargt* rating talile or cnirvc*; 

V4. n B, the |>eret*ntege of error in thr minimum cliHcliargc* due* 
ro an error of .10 of a foot in gage* height. Tin* (iiseliarge rating ialtle 
(p. 108) showsthat the minimum diechargeiH IHK) H(Hond“f<M*ta.nd otMairs 
at giige h(‘ight .50 foot. The diflerence |s*r tcaiih liotwtMai gage ht*ightH 
.50 and .(>0 is 100 stTond feed, or 21 . 1 ec*nt of the minimum diseduirge. 

The liinitBof Hhige* indwee*!! whicdi it is uecumHary Ui use mf‘an daily gage 
heights to hundredths, half-huitlis, and tenths, respiMdively , in ordfr 
not to introdu(‘e an average terror of over 2 |ht <‘<‘nt in the daily dis^ 
charge arc eliown in ecdumiis 7, 8 and 0 and an* dcderniiiH*d !»y trial 
by testing values from thf* dinediarge rating table (p. lUS) at selcrtrd 
half-foot inteTvaJH as follows: 

(a) Testing at the gage height for gage reeords to tmtlis. Tin* 

diiTerenci^ between the diseharges at 2.tH) f«*rt and 2.H> fe<*t is ^Ci) 
S(‘con<l~fe(‘i. 'Fhe average error of a mean daily la'cord to tfaiths is om- 
fouriti tenth (sfe tahh*, p. 105). Thrndorc at gage height 2.00 f.*o ihr 
a,V(Tag(‘ error for such reeord, e.x pre.-sed in seeond is ’ " UO 

second-fcM*!, whieli is l.Hper eeo! of 5,020 sefsom i-feet, the diseharge a! 
tlui 2-fooi stage. Theridore, if is not neeessary !«► use g.agr herdn 
rc'CuniH closer tha.n .10 foot alntve the 2-foot stage, as a.ho\'r thi,- '!ac.e 
the average* raTor is less than 2 ]>er <*eiit, w'hieh is t he ailowahie err< tr . 

A continuation of this analysi.^ shows that in <tr>ler to keep tlic 
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charge error resulting from lack of refinement in gage readings, below 
2 per cent, the gage at Point of Rocks should have been used to hun- 
dredths below the 1-foot stage, to half -tenths between 1.0 feet and 2.0 
feet, and to tenths above 2,0 feet, instead of to tenths for all stages, as 
shown in the table of daily gage heights, page 108. 

B''or automatic gage records the same procedure is followed except 
that the allowable error should be 1 per cent. 

B\>r stations with shifting channels the methods of analysis above 
d€»,ribed can be used only in a general way. 

In practice the limits of use of gage heights can be readily determined 
by the following rules: 

B'ind the stage at which the difference in discharge per tenth is 8 per 
cent of the discharge at that stage. Gage heights above this stage should 
l>e used to tenths. 

Find the stage at which the difference in discharge per tenth is 16 per 
<*ent of the discharge at that stage. Gage heights below this stage should 
b(^. used to hundredths. 

Gagf^ heiglits l)etwe(ui the first and second stages should be used to 
lialf-ttmtliK. 

Th(i following tables and figs. 24 and 26 illustrate the method of 
determining daily discharge of streams with permanent beds: 


Discharge measurements of Potomac River at Point of Rocks, Md., in 1902-7. 


Oat**. 

Hydropiraphcr. 

An‘a of 
wtadion. 

M ea.n 
vcJoOty. 

OaKe 
li eight. 

Discharge 

HM) 

2 




*SV/. f(. 

/*'t. per sec. 

Feet. 

iSec.-ft. 

Juno 

22 

N<;w<‘ll and Caul 

2,897 

{.in 

1 

.25 

2,921 


2 

E. 

o 

Paul 

2.:m 

. 73 


.87 

1,717 

HH) 

i 









Mar. 

12 

E. 


Mini)! IV 

6.000 

2.86 

4 

.84 

18,880 

Apr. 

17 

il( 

».v< 

and Paul 

17. 27)0 

7). 01 

13 

70 

86,420 

Apr. 

17 

H( 

‘.v< 

and StokcH 

I6.r>()0 

4,88 

13 

10 

80,520 

Apr. 

IK 


>.vt 

and Slokf'H . . 

12,180 

4.44 

9 

60 

54,080 

S<»pt. 

14 

Paul 

and Sawv<'r. 

2.97)0 

1.28 

1 

50 

3,770 

Sav. 

9 

W 

<' 

Sawyer. 

2.590 

.83 

1 

12 

2,J40 

1904 









July 

1 1 

H( 

»yt 

and ( J rover 

7). 7)00 

2 . 7>() 

3 

87 

13,750 

IIM) 










Mar. 

Hi 

'I'i 

linrdiJist and < '<)triHt<>«‘k . 

s. (■.:)() 

3 33 

0 

50 

28,640 

.1 »in«* 

20 

( it 

tv 

■r and Lvrnan 

• ) ”27 

I . 10 

1 

29 

2,997 

< h't. 

:u ) 

( 

H. 

Harley 

;77>.b» 

1 , 38 

2 

05 

4 ,S89 

N * > ii,’ . 

9 

( : 

F. 

Harl.'N 

2,7o;; 

.94 

1 ; 

20 

2,7)31 

N* < ) . 

9 

H.’ 

1 1< 

%■ and Stcw.'irt- 

2,708 

.91 

1 , 

20 

2 467 

19P9 









M a V 

90 

P, 

Im 

»llan:il)(‘<“ 

.8, .87)1 

116 

1 . 

70 

3,892 

IhH-. 

7 

R. 

n 

BolaOir 

3,180 

1 .40 

1. 

76 

4,450 

1907 









Mar. 

ir. 

R. 

H 

Bol.«!<er 

21,400 

5.31 

16. 

,95 

114,000 
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MaUng taJbk for Potomac River at Paint of Rocks, Md., from April 1, 
1902, to December 31, 1906. 


II 

Dis- 

charge. 

Differ- 

ence. 

Ga^ 

hei^t. 

Dis- 

charge. 

Differ- 

ence. 

6ra^ 

height. 

Dis- 

charge. 

Differ^ 

enoe. 


Sm:.gL 


Feet. 

8ec.~fL 

Sec. -ft. 

Feet. 

Sec.-ft. 

Sec.-fL 

0.50 

900 


2.40 

6.620 

390 

4.60 

17,430 

1,160 

.60 

1,090 

190 

.60 

6,920 

400 

.80 

18,610 

1,180 

.70 

1,296 

206 

.60 

7,330 

410 

5.00 

19,820 

1,210 

.80 

1,615 

220 

.70 

7,750 

420 

.30 

21,060 

1,240 

.90 

1,750 

235 

.80 

8,180 

430 

.40 

22,300 

1,240 

1.00 

1 2,000 

260 

.90 

8,620 

440 

.60 

23,660 

1,260 

.10 

i 2,260 

260 

3.CX) 

9,070 

450 

.80 

24,840 

1,280 

.20 

2,510 

270 

.10 

9,530 

460 

6.00 

26,140 

1300 

.30 

2,810 

280 

.20 

10,000 

470 

.20 

27,460 

1,320 

.40 

3,1(K) 

290 

.30 

10,480 

480 

.40 

28,780 

1,320 

.50 

3,400 

; 300 

.40 

10,970 

490 

.60 

30,100 

1,320 

.60 

3,700 

1 300 

.50 

11,470 

500 

.80 

31,460 

1,360 

.70 

4,010 

310 

.60 

11,980 

510 

7.00 

32,820 

1,360 

.80 

4.330 

320 

.70 

12,490 

510 

.50 

36,340 

3,620 

.90 

4,670 

340 

.80 

13,010 

620 

8.00 

39,980 

3,640 

2.00 

5,020 

350 

.90 

13,510 

520 

.50 

43,740 

3,760 

.10 

5,380 

360 

4.00 

14,070 

540 

9.00 

47,600 

3,860 

.20 ■: 

5,750 

370 

.20 

15,160 

1,080 

.5) 

61,660 

3,960 

.30 

6,130 

380 

.40 

16,270 

1,120 

10.00 

55,600 

4,040 


NoTur TIi<‘ ahcjve table is applicable only for open»channel conditions. It I» 
based on cliHcharge measurements made during 1902 to 1907. It is well defined 
between gage lieights 1.0 feet and 17.0 feet. Above gage height 10 feet the 
rating curve is a tangent, the difference being 830 per tentli. 

Daily gage heights and discharges of Potomac River at Point of Rocks, Md., for 
July to December, 1904. 


Day. 

July. 

August. 

8cpteml)er. 

October. 

November. 

December. 


•a & 

Q« 

O 

4. tJ 

S3 

2? S 

Dis- 

charge. 

n 

Di.i- 

charge. 


Dis- 

charge. 

Gage 

height. 

Dis- 

charge. 

Gage 

height. 

■k 1 

u 


Feet. 

Sec.-ft. 

I'rti. 

Sec.~ft. 

Feet. 

■ 

Sec.-ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft. 

Feet. 

N’cr.-/r. 

1 

1.4 

3,1<K) 

1 4 

3,100 

0.9 

1 .750 

0 6 

1,096 

0.6 

1 .09{) 

0.8 

1.515 

2 

1.3 

2.810 

13 

2,810 

.8 

1,515 

6 

1,090 

.6 

l.(KH) 

.8 

1,515 

3 

1 . 3 

2,810 

12 

2,530 

.8 

1.515 

.6 

1,090 

. 7 

1 .295 

8 

1,515 

4 

1.3 

2,810 

1 2 

2,530 

.8 

1 .515 

() 

1,090 


1,295 

,8 

1,515 

6 

1.2 

2.530 

12 

2,530 

.9 

1,7,50 

6 

1,090 

. 7 

1.295 

.8 

1,515 

6 

1,5 

3.4(K) 

1 2 

2,530 

1.0 

2.000 

fi 

1,090 

7 

1,295 

8 

1,515 

7 

1,5 

3,400 

13 

2,810 

.9 

1 ,750 


1,090 

. 7 

1 .295 

.8 

1,515 

8 

16 

3.700 

14 

3,100 

.8 

1.515 

6 

1.090 

. 4 

1.295 

.8 

1,515 

9 

16 

3,700 

15 

3,400 

. 7 

1 .295 


900 

. t 

1,295 

.8 

1.515 

10 

1 7 

4.010 

1 4 

3,100 

, 7 

1 .295 

5 

900 

j 

1 .295 

9 

1 ,750 

11 

2 0 

8.620 

1 3 

2,810 

7 

1 .295 

r> 

900 

4 

1 295 

9 

1 .750 

12 

2 6 

7. .3.30 

I 3 

2.810 

.8 

1 .5 1 5 

.6 

1.090 

7 

1 .295 

9 

1 .750 

13 

3 . 4 

K 1.970 

I 2 

2,530 

I <) 

2,000 

7 

1,295 

4 

1 295 

9 

1 ,750 

It 

3 1 

9 .5.10 

1 2 

2.530 

9 

1,750 


1 .295 


1,515 

9 

1 ,7.50 

ir> 

3 0 

9,070 

1 i 

2,260 

9 

1,750 

6 

1.090 

,8 

1 515 

9 

1 ,750 

16 

2,H 

8,180 

1 1 

2,260 

I ,0 

2,01)0 

.6 

1,090 

.8 

i..^.ir, 

9 

i 1,750 

17 

'2.4 

1 6.520 1 

1 1 

2.260 

I 0 

2,000 

5 

9< )0 

7 

1,295 

9 

i 1,750 

IK 

2 0 

5.020 i 

1 0 ! 

2,000 

9 

1 750 

5 

900 

-.8 

1 ,515 

9 

^ 1,750 

10 

1 H 

= 4.330 

I 0 ' 

2,000 

8 

1,515 

r 

900 

8 

1,515 

9 

1 1,750 

20 

1 6 

^ 3,700 : 

1 0 

2,000 

7 

1 .295 

6 

1.090 

8 

1,515 

1 0 

2,000 

21 

I 4 

i 3,100 

1 0 

2,000 

8 

i 1,515 

1 f) 

2,000 

. 7 

1 1,295 

1 0 

1 2,(H)0 

22 

14 

3, lOO 

0 

1 ,7.50 

I 0 

I 2.000 

9 

1 .750 

7 

1,295 

1 0 

i 2,000 

23 

1 1 ,3 

2.810 

: 9 

1 750 

9 

i 1,750 

8 

1,515 

7 

1 .295 

1 0 

2,000 

24 

1,3 

2.810 

1 0 

2.0(M) 

8 

1 1.515 

7 

i 1 .295 

7 

1,295 

1 0 

2,0(M) 

25 

! 1,3 

2.810 


2,000 

8 

1.515 

7 

' 1 .295 

7 

1,295 

1 1 

2,260 

26 

11,4 

3,100 

1 1.2 

2,530 

8 

1,515 

7 

1 .295 

, 7 

1 .295 

1 4 

3,100 

27 

^ 1,4 

3.100 

! M 

2,260 

I 7 

i 1,295 

'7 

1,295 

7 

1 ,295 

1 5 

1 3,400 

2H 

^ 1 ,4 

3,100 

1 1 . 1 

2,260 

! T 

1 1 .295 

7 

1,295 

7 

1,295 

1 8 

4,330 

29 

1 5 

3.400 

! 1 0 

2,000 

1 • 

! 1,295 

6 

1 ,090 

'8 

1,515 

1 8 

4,330 

30 

1 5 

3.400 

i 1 .0 

2,000 

•7 

1 .295 

6 

1 .090 

.8 

1,515 

1 ,9 

4,670 

31 

1 n 

! 3 400 

1 .9 

1 .750 

1 


.6 

1 ,090 



2.0 

5,020 

Total. 

139.670 

i 

1 

74,200 

I 

47,760 


I 36,080 


40.200 


68,245 

Mean . 

1 4 .505 

1 

2,394 

■ 

1 1 ,592 

i 

! 1,164 


1 1 ,340 

1 

1 2,201 
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Monthly discharge of Potomac River at Point of Roc]cs, Md., for 1904. 


Month. 

Discharge in second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 
per sq. mi. 

Depth in 
inches. 

Acre-feet. 

July 

10,970 

2,530 

4,505 

.467 

.538 

277,300 

.August 

3,400 

1,750 

2,394 

.243 

.286 

147,200 

September 

2,000 

1,295 

1,592 

.165 

.184 

94,730 

October 

2,000 

900 

1,164 

,121 

.140 

71,570 

November 

1,515 

1,090 

1,340 

.139 

.155 

79,740 

December 

5.020 

1,515 

2,201 

.228 

.263 

135,300 

The period 

10,970 

900 

2,199 

.228 

1.556 

805,840 


GAGIN(i HTATXONS WITH CHANGEAHLK BEDS. 


The determination of the daily discharge of streams with changeable 
beds is more difficult than of those with permanent beds. The method 
used varies with the rapidity of the changes. The base data for such 
determinations are the same as those used for permanent beds, but 
more frequent discharge measurements are necessary, as otherwise the 
results obtained are only roughly approximate. 


PERIODICALLY CHANGING BEDS. 


For stations witli lieds which shift slowly or are changed only during 
floods, station rating curves can be prepared as above described for 
p(U’iods l)(‘twe(ui changes, and satisfactory results can be obtained with 
(,wo or thr(H‘ inea,sur(‘in(‘nts a month, provided measurements are taken 
soon after such changes tak(^ place. 


CONSTANTLY CHANGING BEDS. 

For stn^arns with continually shifting beds, as the Colorado and Rio 
(lrand(‘, discharg(‘ rm^asurernents should be made every two or three 
days and th(^ discharge* for the intervening days estimated by interpola- 
tion, niodifi(‘d l)y the* gage heights for these days. There are two 
metliods of making th(‘se inteu’fiolations, the Stout and the Bolster 
UK^thods, known by t in* nani(‘s of th(*ir inventors. 

Stout turffiod. In th(* Stout iiK'thod an ap|)roximatc station lating 
curve and rat ing t.abh* an* pr(*par(*d from the discharge measurements 
and appli(*<l t,o inodifi(*d or so-callenl corrected daily gage lieights. The 
gag<‘ heights are (‘orn‘et<*d i)y means of a (‘urve (fig. 27) determined by 
jilottirig as ordinates the, diffm'enees h(‘tvv(‘en thi^ actual gage heiglits at 
th(^ time of the various disehargt* measurenuints and the gage height 
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corresponding on the approximate curve to the respective measured 
discharges, and as abscissas the corresponding days of the months. 
Through these points an irregular curve is drawn, from which can be 
found the correction for days other than those on which measurements 
were made. The correction is positive if the discharge is greater than 
that given by the station rating curve, negative if less. Each daily 
gage height is then corrected by the amount indicated on the correction 
curve, and the discharge corresponding thereto is taken from the approx- 
imate rating table. 

Bolster method . — In the Bolster method the discharge measurements 
for the entire year are first plotted with discharges as abscissas and 
gage heights as ordinates. The points so plotted are considered chrono- 
logically and, even though scattered, will usually locate one or more 
fairly well-defined curves, called standard curves (fig. 27). In general 
the number and position of these standard curves is determined by the 
radical changes in the stream bed due to floods. 

When beds change very rapidly it is necessary to change the position 
of the rating curve from day to day, making practically a new curve 
daily. This daily curve is of the same form as the standard curve and is 
parallel to it with respect to ordinates. For a day when a measurement 
is made the rating curve passes through such plotted measurement. 
In order to locate a rating curve for other days a line connecting consecu- 
tive measurements is drawn and divided into as many equal parts as 
there are days intervening between the measurements, on the assump- 
tion that the change in conditions of flow between any two consecutive 
measurements is uniform from day to day. The daily rating curve 
will then pass through these points of division, and the discharge is read 
directly from these curves by applying to them the observed daily 
gage heights. 

In order to facilitate the use of the method and to make it as rapid 
in application as the common method for permanent stations the stand- 
ard curve or curves, together with a vertical line of reference, should be 
transferred from the original station sheet to tracing cloth, which can be 
readily shifted vertically to any desired position by always keeping the 
two reference lines coincident with each other. 

In applying and modifying this method judgment must be used for 
long time intervals of no measurements, or for radical changes in the 
stream bed caused by suddem floods. The tables on pages 112-113 and 
figure 27 illustrate the Bolster and the Stout methods of obtaining daily 
discharge. 
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List of measurements to illustrate the Stout and the Bolster methods of ddmnmtng 

daily discharge. 


No. 

Date. 

Gage height. 

DLschargf. 



Fmi. 

Sec. -ft. 

1 

June 1 

2.65 

3700 

2 

6 

.56 

600 

3 

14 

1.4 

1200 

4 

22 

1.2 

600 

5 

July 2 

1.6 

600 

6 

18 

3.8 

6460 

7 

20 

2.2 

2330 

8 

22 

.4 

200 

9 

31 

.9 

160 


Daily gage heights and discharges to illustrate the Stout and the Bolster methods of 
determining daily discharge. 


Day. 

June. 



July. 


Observed 

hefgrt«. 

Discharge, 

Bolster 

method. 

Corrected 

h»s. 

Discharge, 

Stout 

method. 

Observed 

Discharge, 

Bolster 

method. 

Corrected 

h»«. 

Disclmrge 

Stout 

method 


Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Ff 

et. 

Sec. -ft. 

Feet. 

See. ft. 

1 

3.0 

4870 

3.3 

4970 

1 

6 

630 

.85 

520 

2 

2.5 

3580 

2.8 

3650 

1 

6 

600 

.85 

520 

3 

2.0 

2490 

2.3 

2530 

1 

6 

570 

.85 

520 

4 

1.6 

1610 

1.8 

1640 

1 

6 

730 

. 95 

605 

5 

1 .0 

930 

1.3 

960 

1 

6 

780 

1 . 0 

6.60 

6 

A 

390 

.65 

365 

1 

8 

1050 

1 . 25 

<K)r> 

7 

.6 

510 

.85 

520 

1 

7 

970 

12 

H.50 

8 

.6 

490 


520 

1 

4 

1020 

1 25 

1M)6 

9 

,7 

550 

.95 

605 

1 

9 

1320 

1 . 65 

1280 

10 

.8 

620 

1.0 

650 

2 

0 

1610 

17 

l4tK) 

n 

1.0 

800 

1.2 

850 

*2 

*> 

1890 

2 0 

H^70 

12 

1 .5 

1400 

1 . 65 

1420 

2 

6 

2720 

2.45 

28fr0 

13 

1.4 

1240 

1.65 

1280 

3 

0 

3700 

2 9 

3tHM) 

14 

1.4 

1200 

1.5 

1210 

3 

6 

6440 

.3 . 5 

5650 

16 

1.3 

1020 

1.35 

1020 

.3 

7 

6860 

.3 65 

6(KM) 

16 

l.l 

760 

1.15 

800 

.3 

6 

6370 

3 . ,5 

5550 

17 

1 . 0 

620 

1.0 

660 

.3 

2 

4610 

.3 2 

4690 

18 

1 .0 

580 

.95 

606 

.3 

7 

61.50 

3 7 

61.50 

19 

1 . 1 

640 

1.0 

660 

4 

0 

7080 

4 0 

7OH0 

20 

1.2 

690 

1 .05 

700 

3 

0 

4160 

1 .3 0 

4HW) 

21 

1.2 

650 

1.0 

(i60 

1 

8 

1640 

1 1 H 

1 640 

22 

1 .3 

690 

1 . 05 

700 


H 

480 

.8 

480 

23 

1 .6 

860 

1.2 

8,60 

! 

3 

120 

.3 

1.50 

24 

1 ,8 

1170 

1 46 

n to 

i 

.3 

100 

. 26 

1.30 

26 

1.7 

990 

1.3 

960 


4 

I 10 

. ;{6 

175 

26 

1.6 

830 

1 . 16 

800 

1 

4 

90 

.3 


27 

1 .6 

780 

1 . 1 

760 


6 

1.30 

.4 

200 

28 

1 .6 

740 

1 .06 

700 


7 

1,50 

. 46 

2.30 

29 

1.6 

700 

1.0 

650 

1 

8 

170 

.46 

2,30 

30 

1 .6 

660 

.95 

606 

i 

9 ! 

180 

.4 

200 

31 





! 1 

0 1 

200 

.4 

200 

Totals . 

Means . 








33060 


.33400 

- 


,59320 


.59930 

1933 


U02 


1 1 1.3 

1914 
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BMing tabh to iUmtrate the Stout method of determining daily discharge. 


Gaff© 

height. 

Dia- 

charge. 

Gage 

height. 

DiH- 

charge. 

Gage 

height. 

Dis- 

charge. 

Gage 

height. 

Dis- 

charge. 

Gage 

height. 

Dis- 

charge. 


Sec.-fi- 

Feet. 

Sec. -ft. 

Feet. 

Sec.~ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec. -ft. 

0.00 

60 

1.00 

650 

2.00 

1970 

3.00 

4160 

4.00 

7080 

. 10 

80 

.10 

760 

.10 

2150 

.10 

4420 



.20 

no 

.20 

860 

.20 

2330 

.20 

4690 



.30 

ISO 

.30 

960 

.30 

2530 

.30 

4970 


. . . . 

40 

2(X) 

.40 

1080 

.40 

2740 

.40 

5260 



.SO 

260 

.SO 

1210 

.50 

2960 

.60 

5560 



.60 

330 

.60 

1360 

.60 

3180 

.60 

6850 



70 

400 

.70 

1490 

.70 

3410 

.70 

6150 



80 

480 

.80 

1640 

.80 

3660 

.80 

6460 



M 

660 

.00 

1800 

.90 

3900 

.90 

6770 


* 


lOK-COVERED STREAMS.^ 


Ice occurs in rivers in three forms — surface ice, anchor ice and frazil. 
Surface ice may occur as a complete <?over, supported by the water, or 
bridged from bank to bank, free from or partly supported by the water, 
as in ice jams due to piling up of ice, or as alternate layers of ice and 
water. Aiudior ice may be attached to the bed of the river where it has 
btHin former 1, or it may be floating in suspension. Frazil usually occurs 
floating in Bus|H*nBion. 

The priisence of i(‘.e in a stream in any form may destroy the open- 
wati^r rdation of disdiargo to stage by causing backwater and thus 
incmiHing tlu^ for a given discharge. Therefore discharge measure- 
ments of a in whidi ice is present will always plot either at the 

left of or on o|M‘n-wa.ter curve. Under no circumstances will they 
plot to t h(* rigid' provi<hHl the measurement represents the correct flow. 

It is not n(*c(*ssary that ic(5 he present at the measuring section or at 
the normal control S(‘ct.ion to d<‘Stroy the relation of stage to discharge. 
'rh(‘ <‘xistcn<M* of ico fa<r ixdow tlui control section may establish a 
tcmi>orary control whi<h will a,fT(‘ct tlie station rating. 

(lata, neerssary fur computing flow during pin'iods of ice are — 

1 . Mcasiiromciits of (lischarg(^ mad(‘ during th(^ period, 

2. flcconb of stag** road to snrfa(‘(i of the water in a hole cut 
througli the 

hrc(»rtls of tomprratun* a,n(l precipitation. 

1. notes in regal'd to the iee. 

I’he complex manner in wliieb i(*(‘ may form and the varying c.ondi- 
iions pr<*S(’nte(l by str(‘anis preelu(h‘ tb(‘. formulation of any method tha,t 
can b(‘ univaa'sally employe(l to determine winter flow. In general the 
following methods may in* iis<‘(l: - 

^ Sims Wiit43r*Hui>i)ly PaixT N<». IHT. r. S, Hiirvoy. 
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1 . The readings of gage heights to the water surface may be directly 
applied to the open- water rating curve. 

2. The observed gage heights may be applied directly to a special 
rating curve based on winter discharge measurements and gage heights 
to water surface. 

3. Discharge measurements may be used in connection with gage 
heights and with data showing climatic conditions and the occurrence 
of ice. This method may be applied either by the eye or graphically, as 
will be explained, for determining corrections to the gage heights neces- 
sary for making the open-channel rating curve applicable. 


FIE8T METHOD. 

The use of the first method to determine the daily discharge of a 
frozen stream — the application •of water-surface gage readings to the 
open-water rating curve — is advisable only when the stream is opiui at 
the control section and no backwater exists at the gage. 

If the control section is entirely free from ice tlie relation between 
slope, stage, and discharge will not be apprecial)ly changed even l)y 
complete ice cover between the control section and the gage. 

In using this method the engineer should closely inspect the gage- 
height records and compare them with temperature records to detect tln^ 
presence of backwater. If discharge measurements made in siweral 
winters have shown that ice rarely occurs at the control section and that 
the regular open- water curve is applicable fewer measurements are need(‘(l 
with this method than with any other. An open-control section, liow- 
ever, with ice above, implies as a rule that the control section is at 
rapids at whicli anclior ice is likely to form. In ord(‘r to detect the 
presence of anclior ice during extremely cold periods the gagi‘ should he 
read twice a day. Readings liigher in the morning tlian in the after- 
noon indicate the preseiuajof anchor i(H‘, and care must he takiui to r(‘a(l 
the gage soon after th(^ point of maximum daily hunperatiua*, when thr 
control section is likely to h(‘ cl<‘ar. 


SKCO.ND .MKTIKM). 


The conditions favorahlo to tlui us(‘ of the sc^cond rnetliod — in whi(‘h 
observed gage heights are ai)plied dirt‘ctly to a si)ecial rating (‘urvii has(‘(l 
on winter discliarge measurements and gage heiglits to tiie wat(;r sur- 
face — are most likely to be found on the larger rivers, where the slo|)(‘ 
and cross-section may he fairly uniform for long stndches. In general, 
however, this method should l)e list'd witli great eare and tin* period of 
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Applicability of the curve should be closely determined by discharge 
measurements. 

On a large stream that freezes uniformly and that varies little in flow 
all discharge measurements made when the ice has reached its perma- 
nent condition may plot on a curve, but it is evident that this curve will 
not correctly represent the relation of stage to discharge in the period of 
transition from open water to solid ice, and vice versa. It will also not 
represent conditions if between the times of measurement the character 
of the ice cover has changed greatly as a result of changes in tempera- 
ture. 

If backwater is caused by a combination of anchor and surface ice, 
dis<diarge measurements made at certain times might give a smooth 
curve that would in reality not apply except on the days of measure- 
ment. 

This method should be used only when many discharge measurements 
have been found to plot on ^ smooth curve and when conditions of 
temperature and ice are stable for long periods. 


THIRD METHOD. 

Eye method . — The method most commonly employed at the present 
time to determine the flow of streams either partly or completely covered 
witli ice is that which utilizes the discharge measurements and data 
regarding climatic conditions and the occurrence of ice in connection 
witli oljserved gage heights by means of eye-inspection of records of tem- 
{K‘rature, prec-ipitation, and gage heights, estimating the daily discharge 
for the period between times of measurement, and adjusting the deter- 
minations l)y comparing with results obtained at near-by stations. The 
montlily mean of such determinations is also compared with monthly 
m(‘anH at adjacent stations in order that any large error may be detected. 

The a<u*uraey of this method depends largely on the uniformity of 
str(‘am flow Ixdween times of measurerneiits, the iiuniber of measure- 
nmnts, ami engineta’s knowledge of general conditions. Care must 
be tak(m that the discharge, as estimated, is not greater than would be 
giv(‘n by the ai)pli(‘a,tion of gage lu'iglits to the open-water rating curve. 
In geiK'ral tliis nudhod should giv(‘ more accurate results than the second 
irndhod, Ixicaiise it (‘onsidcrs the tinui and temperature factors. 

The method will give good results at stations in localities where tem- 
p(‘ratur(%s ari^ fairly constant over long periods of time and where the 
flow is aiTechxl by Hurfa(*e rather than by anchor ice. Under such con- 
ditions fewer measurements and gage readings are required than at 
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stations situated where climatic conditions are irregular. Temperature 
records from the nearest Weather Bureau station are generally sufficient. 

The disadvantage of this method is that it is impossible to check its 
results, as no record is left of steps employed. 

Graphic method .^ — As ice causes backwater it is only necessary to 
determine the magnitude of the backwater effect in order to find the 
true flow at a given stage. Since the formation of ice is due entirely to 
temperature, the amount of backwater will in general vary with 
temperature. 

The magnitude of the backwater effect at any given time can be 
determined by measurements of discharge. If such measurements are 
made at stated intervals during the winter the backwater effect between 
times of measurement can be determined by constructing a curve of 
backwater. In constructing this curve (see fig. 28) proceed as follows: 

1. Plot the observed daily gage heights. 

2. Plot the mean daily temperatures. , 

3. Plot the daily precipitation. 

4. Plot on the curve of observed daily gage heights the gage heights 
corresponding to the measured discharges as determined from tlic oixm- 
water rating table. The differences between these gage heights and th(‘ 
ol)8erved gage heights measure the backwater effects for the days in 
question. 

5. Plot the backwater effects as determined under 4 and tlirougli 
these plotted points construct a backwater curve, following saine 
general shape as the inverted temperature curve, taking into ac<‘ount 
the daily precipitation (if rain), ice jams, and other unusual (‘onditions 
tliat may aff(K‘t tlie records of stage. 

6. Prom the backwater curve construct the curve of correct(‘d ga,g<‘ 
heights, from wlrich tlie true discharge can b<; ol)tained l)y applying the 
o{>en -water rating taUe. 

Aside from giving more accurate results, this m(4hod has an advantage 
over any otlier method in furnishing a eornixhite nx'ord of all tie* steps 
taken, thus making it possil)Ie for a second jxa'son to revi(‘w or cht^ek 
tlie estimates. The accuracy of th(3 results obtainahh^ by this inet}io<I 
will depend on the frequency of the discharge measurtaneiiis. Winai 
winter conditions are comparatively constant, fcwm* m(‘asnr(‘ni(ints will 
1)0 required, as the principal uncertainti(*s occur during transition periods 
from cold to warm weatlier. 

A special form, see fig. 29, is desirable for use in computing wunter 
flow. 

graphi(^ method was first proposed by W. fi. Hoyt. Asso(!. M. Am. Soe. c. K.. Kijg', Nh*ws 
Vol. (’)9, PI). 725-727. Apr. 10, 191B. 



Novemi)€r, iSn OecefnbenBlI January 19*2 F€Drua’')r!9^2 Mar0^tSi2 A^HS2 

Fig.28.— Oage height. Mckwster. temi^rature and precipitation curve:; Rainy River International Fall^. Minn 
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This method follows somewhat the Stout method (pp. 109—110) of 
determining the flow in shifting channels in using a single rating curve 
and correcting the observed gage heights to apply to the curve. In the 


COMPUTATION OF PLOW DURING WINTER PERIOD OF RIVER 

NEAR Month of LSI 
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Stout method thi! (vorreetion is l)a8e(i almost imtirtdy on discharge 
measur(an<‘ntH; in this i(‘e method timci and tmnperature are fjK'tors, as 
well as diseharg^t measurements. 

A]>plir(iii()n of gntphir mrthod. — Many streams in the nortlnmn ami 
west(n*n States Jin‘ not enmphdely eovt‘red with ie<^ throughout the; winter 
months. At many places the ice on a stream may (‘xtend hut a sliort 
distance from the l)anks, h'aving an optm (‘hannel in the (‘(‘nt<‘r; at 
otliers th(^ current may ht^ so swift that tlie (‘hanmd r(‘inains entir(‘ly 
opeii tliroughout the winttn-. Such eoiulilions are ('ornmon in hilly or 
mountainous regions, where stnaun gradients chang(‘ rai)idly, and may 
exist in the vicdnity of gaging stations to such an (‘xt(mt as to make it 
imjx>88ible to estirnatt* discdiarge l»y metluxis that are appli(‘d to streams 
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that are completely ice covered. For example, the channel may be 
open at the gage or at the control below, but the stage may be materially 
affected by the presence of anchor ice; or, if complete ice cover exists 
l)elow the natural control sections, ice jams may form, creating a 
temj)orary ice control which produces backwater at the gage. If the 
strejiin is frozen along the banks at the gage and at the control below, 
hut is open in the center, the gage readings are affected by ice jams at 
the control and by changes in the conditions along the banks. 

If a stream is deep and sluggish and under complete ice cover for a 
considerable distance above a gage located at a riffle, the gage readings 
may not be affected by ice because the water coming from beneath the 
ice is at a temperature sufficiently high to prevent the formation of ice 
at the control section. 

The extent of these effects depends on the natural condition of the 
cliannel and on the general condition of the ice, the latter depending 
largely on temperature. Each station where such conditions exist, 
singly or in combination, presents a problem that can be solved only 
aft(‘r a careful study of all the factors. 

At a station located in a comparatively sluggish stretch of a stream 
wher(‘ tli(^ (•luiniKd is partly open throughout the winter and the control 
is a rifU(^ tlu^ gag(^ heights will be materially affected by anchor ice, 
wlTadi will form at henperatures of zero and below. The amount of 
an<‘hor ice will (hiixmd on the roughness of the channel and the velocity 
of th(^ (airnmt and will tend to increase as the temperature falls and 
(l(‘cr(*as(' as th(^ tmnpiirature rises, disappearing entirely as the tempera- 
tur(i ap{)r()aclH‘s 82°. As the variation in daily temperature may have 
Mil irn{K)rtant (‘fT(‘ct on ilu) amount of anchor ice formed, and therefore 
on the flu<^tua,tions in stage at the station, a record of the maximum 
and nunirnum tempi'raturiiS is nixa^ssary to arrive at a proper interpre- 
tation of variation in tla^ gag<^ laaghts caused by anchor ice. It is also 
n(‘(‘(‘ssa,ry to ha.V(‘ a inon^ <‘oniplctii nx'ord of tlie gage heights at stations 
of this charactiM’ than at stations when', complete ice cov(;r is formed. 
At least two readings should Ix' ma.d(^ ('ach day as nearly as possible at 
th(' tinui of maximum and minimum t(‘.m{>(‘ratur(‘s. Careful observa- 
tions should he ma,d(‘ to d(‘termim‘ tht' naiximum hanperature at whieli 
anclior ic(‘ forms and at which it may Ik' exp(x*,t(Ml to disappear, and 
th(‘ Halation hetwiaai th(^ increases of the anchor ice and tlie decrease 
in Panpm-atune On days when the temixu'ature rises above this 
maximum, if other (•onditions are normal, it may he assumed tliat no 
anclior ice exists and that tlie gage lieiglits at or immediately following 
th(‘ time of maximum temperature are reliable. With this information 
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UNITS OF DISCHARGE. 

T%e second-foot . — The standard term for expressing discharge is the 
second-foot. As the second-foot is a unit of rate of flow and is in itself 
indefinite as regards duration, it must be used in connection with some 
unit of time, as a day, week, month, or year, in which event the term 
means that for each second during the period of time selected the fiow 
averaged so many cubic feet per second. This has generally been con- 
sidered the fundamental unit of discharge and from it other terms of 
discharge and run-off are usually computed, the conversion to other 
units being a simple arithmetical process, usually made by means of 
tables specially prepared for the purpose. 

Gallons per minute . — Gallons per minute is generally used in connec- 
tion with pumping and city water supply. 

Miner^s inch . — The rniner’s inch is usually defined as the quantity 
of water which passes through an orifice one inch square under a fixed 
head, which varies locally. It has been commonly used by miners and 
irrigators throughout the West, and is defined by statute in many States. 
Owing to the confusion caused in measuring the miner’s inch, and to the 
fact that as formerly defined by size of orifice and head it was not exact, 
it is now defined as a certain part of a second-foot, usually -^V or 

Second-feet per square mile. — Second-feet per square mile is the aver- 
age number of cubic feet of water flowing per second from each square 
mile of area drained, on the assumption that the discharge is distributed 
uniformly both as regards time and area. It is found by dividing the 
mean discharge in second-feet by the drainage area. 

UNITS OF RUN-OFF 

Run-off in inches. — Run-off in inches is the depth to which a plane 
surface equal in extent to the drainage area would be covered if all the 
water flowing from it in a given period were conserved and uniformly 
distributed thertH)n. It is used for comparing run-off with rainfall, 
which is usually express(Ml in depth in inches. 

Acre-foot . — An a(‘r(‘-fo()t is equivalent to 43,560 cubic feet, and is the 
quantity requiriHl to covm* an acre to the depth of one foot. It is com- 
monly used in connection with storage. There is a convenient relation 
between the second-foot and the am-e-foot. One second-foot flowing 
for twenty-four hours will (hdivia* 86,400 cubic feet, or approximately 
2 acre-feet. One acre-foot equals 325,851 gallons, or a million gallons 
is somewhat more than 3 acre-feet. 

On pages 201 “203 are given conversion tables for the various units 
of discharge and run-off. 
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ACCURACY OF STREAM-FLOW DATA.* 

DEGREE OF ACCURACY REQUIRED. 

The laws relating to many natural phenomena have been reduced to 
an exact science ,* those for many more are largely empirical and' are 
based on experiments and assumptions which only approximate the 
truth. In the empirical class are included the laws of the science of 
hydrology and especially of that branch of hydrology which relates to 
the flow of water in open channels. It is possible, nevertheless, by 
carefully considering the various factors, to reduce the incidental errors 
so that resulting records will be sufficiently accurate for the purposes for 
which stream-flow data are required. 

In most problems two degrees of accuracy must be considered, first, 
that which is practicable or possible to obtain, and second, that which 
is desirable or necessary. The obtainable accuracy of stream -flow data 
depends largely on the amount of money available for their collection. 
The desirable accuracy will depend on the proposed use of the data. 


Variations in nMiximum, minimum and mean discharges in second-feet of certain 

rivers. 



Connecticut River, 
Sunderland, Mass., 
1904-1912. 

Susquehanna River, 
Harrisburg, Pa., 
1891-1912. 

Coosa River, 

Riverside, Ala., 
1897-1912. 

Allegheny River. 
Kittanning, Pa., 
1905-1913. 

Rio Grande, 

San Marcial, N.Mex., 
1897-1913. 

Colorado River, 

Yuma, Aiiz., 
1903-1912. 

Merced River, 

Merced Falls, Cal., 
1901-1911. 

Sacramento River. 

Red Bluff, Cal., 
1902-1912. 

Columbia River, 

The Dalles, Oreg., 
1879-1913. 

Drainage area 

7,700 

24.000 

7,060 

9,010 


242,000 

1,090 

10,400 

237,000 

Yearly mean 

14,000 

37,000 

12.000 

16,900 

1,590 

24,400 

1,820 

15,600 

213,000 

Smallest yearly mean . . 

11,900 

29,300 

4,940 

13,300 

207 

13,900 

687 

9,340 

130,000 

Largest yearly mean . . . 

16,500 

54,600 

16.400 

20,500 

3,340 

35,800 

2,920 

21,600 

336,000 

Mean yearly maximum . 

79,900 

270,000 

67,500 

155,000 

12,100 

95,500 

15,000 

138,000 

660,000 

Largest yearly maximum 

103,000 

544,000 

75,800 

269,000 

33,000 

150,000 

37.200 

254,000 

1,160,000 

Smallest yearly maximum 

62,100 

172,000 

20,900 

62,100 

4,070 

51,200 

3,740 

55,000 

:302,000 

Metin yearly minimum . . 

l.SSO 

4,650 

2,540 

1,170 

40 

4.300 

50 

4,740 

65,500 

Largest yearly minimum . 

3, 950 

10,200 

4,380 

2,410 

686 

6.800 

80 

5,470 

103,000 

Smallest yearly minimum 

1,110 

2,570 

1,220 

570 

0 

2,690 

0 

4,200 

41,900 


Stream-flow records have three principal uses : First, in predicting 
future flow, generally in connection with the design of hydraulic works; 
second, in the immediate operation of hydraulic works, and third, in 
studying conditions of past flow, usually in connection with tlie adjust- 

* See U. S. Geol. Survey Water-Supply Paper No. 9,'). 
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ment of water rights. For the second and third uses, data as accurate 
as can be collected may be needed. In considering the first use, how- 
ever, it should be remembered that both the total flow of a stream and 
its regimen change from year to year, and that the conditions existing 
at any particular time may never recur. For this use, therefore, reason- 
ably accurate records that extend over a considerable period are much 
more valuable for predicting flow than extremely accurate data covering 
a short period. The preceding table of variations in discharge of a few 
typical streams shows the wide range of possibilities that must be con- 
sidered in designing hydraulic works for various purposes. 


CONDITIONS AFFECTING ACCURACY OF DAILY DISCHARGE RECORDS. 

The obtainable accuracy of records of daily discharge of a stream 
depends on — 

1. Permanence of the relation of discharge to stage. 

2. Probable error of the discharge rating curve. 

3. Refinement of gage readings. . 

4. Frequency of gage readings. 

5. Methods of applying the daily gage heights to the rating table to 
obtain daily discharge. 

The conditions affecting accuracy may introduce errors which may be 
(a) consistently compensating, (b) consistently cumulative, or (c) alter- 
nately compensating and cumulative. Therefore care must be taken to 
determine the way in which the incidental errors affect the results. 

The study of the accuracy of records to be collected at any stream 
should begin with the selection of the site and continue through the 
establishment, maintenance, and operation of the station and the inter- 
pretation of the data, and not be left for determination after the estimates 
have been made. In other words, records should be collected with view 
to a desired degree of accuracy instead of leaving their accuracy to be 
determined after the field data are collected and estimates made. 

Permanence of the relation of discharge to stage . — The permanence of 
the relation of discharge to stage as determined by the control is a 
fundamental factor, as stated on pages 45 and 46, entering into the 
collection of records of daily discharge of a stream. The general char- 
acter of the control is determined by inspection. Its effectiveness, 
however, can be finally determined only by plotting the results of dis- 
charge measurements. If such plotting does not define a smooth curve, 
the inconsistency is due either to the instability of the control or to 
disturbing influences. If conditions at the control are unstable, the 
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accuracy of the record will depend on the number of the discharge 
measurements and their distribution as to time and stage. 

Errors due to lack of permanence of the relation of discharge to stege 
may be either compensating or cumulative, according to the physical 
conditions affecting the nature and stability of the control. 

Probable error of the discharge rating curve . — The probable error of the 
discharge rating curve depends on the accuracy of the discharge measure- 
ments and the permanence of the control. If the relation of discharge 
to stage were permanent and truly defined by the rating curve, and the 
discharge measurements were absolutely accurate, a series of measure- 
ments for a station would plot on a smooth curve. Unfortunately, such 
ideal conditions do not exist; therefore, a series of measurements for a 
station will plot somewhat discordantly and the rating curve will be 
drawn among them in such a way as to represent average conditions. 
For permanent conditions of control with a good measuring section the 
variations of individual measurements from the mean curve should be 
comparatively small and as likely to be plus as minus. The probable 
error of a rating curve may be computed by the method of least squares 
and will be a factor in determining the probable error of the estimates 
of daily discharge. 

Errors in daily discharge resulting from errors in the position of the 
rating curve will be cumulative for any stage but may be partly com- 
pensating if the curve used lies first on one side and then on the other 
side of the true curve. 

Refinement of gage readings . — Refinement of gage readings (pp. lOfi- 
106) affects the accuracy of stream flow data to a degree dependent on 
the sensitiveness of the station which, in turn, is determined by the 
control (p. 46). In general the more sensitive the station the more 
accurate the records that can be collected by ordinary methods and the 
less refinement necessary in the gage readings. 

Errors due to lack of refinement in reading will generally be com- 
pensating, but they may be cumulative when fluctuations in stage are 
small during a considerable period or when due to systematic personal 
errors of the observer. 

Frequency of gage readings . — The frequency of gage readings is an 
important factor in accuracy of records of streams sul)ject to considerai)le 
daily fluctuation in stage. To obtain a gage record of such accuracy 
that its use with the rating table will give the true mean discharge for 
the day the number of readings should vary, according to the nature of 
the fluctuations, from one or two daily to a continuous record obtained 
by some form of recording gage. The requirements for gage readings 
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must be determined in advance for the operation of each station. 
Figure 38 shows daily variations in stage for typical streams. 

Errors due to insufficient gage readings may be cumulative or com- 
pensating, or alternately one and the other, according to the nature of 
the fluctuations in stage. 

Methods of applying the daily gage heights to the rating table , — The 
methods of applying daily gage heights to the rating table to obtain 
mean daily discharge are described on pages 104 and 105, The errors 
resulting from this operation will in general be cumulative, and their 

magnitude will vary with the method used in making the computations. 

«• 

ACCURACY OF MONTHLY OR YEARLY MEANS. 

The foregoing discussion of accuracy relates only to daily discharge. 
For many uses the mean flow for longer periods may be sufficient. The 
monthly mean is in general use for hydraulic studies. If errors resulting 
from all causes in the estimates of daily discharge are compensating, the 
probable error of the mean monthly discharge will be much less than the 
probable error of the individual daily discharges. A careful analysis of 
the estimates of daily discharge and monthly means computed from them 
shows that large errors in the daily estimates may be so compensated 
that the errors in the monthly means are small. 

In this discussion of accuracy it has bepn assumed that personal or 
instrumental errors both in field and office are so reduced as to be 
negligible. In order that this assumption may be true, however, all 
operations connected with the work must be carefully conducted and 
instruments must be kept in proper working order. 

GRAPHICAL ANALYSIS OF STREAM-FLOW DATA. 

In most studies involving stream-flow data, graphical methods of 
analysis have been found to he serviceable. Common hydrographs, 
duration curves and summation hydrographs are in common use. The 
method adopted in any instance will depend largely on the character of 
the investigation. Following is a partial list of publications illustrating 
various graphical methods of analysis: 

Report on New York water supply, John R. Freeman, 1900. 

Water-Supply Paper 198, U. S. Geol. Survey. 

Water-Supply Paper 369, U. S. Geol. Survey. 

Colorado College Publications, General Series No. 57, 1911. 

Engineering News, vol. 70, pp. 496 and 1290; vol. 71, p. 903. 
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American Civil Engineers Pocket Book, Ist edition. 

Water Power Engineering, Daniel W. Mead, 2d edition. 

Sixth Annual Report, New York State Water Supply Commission. 

Sixth Annual Report, Hydro Electric Power Commission of Ontario. 

COMMON HYDROQRAPH. ^ 

In order to show for comparative purposes the daily and seasonal 
distribution of j3ow of a stream, hydrographs (fig. 30) are prepared by 
plotting in order of occurrence the discharge for each day during the 
year and connecting the points so plotted by a curve. These curves are 
of use not only in studying the variations in flow from year to year, but 
may also be used in storage problems, where the total quantity of water 
is an essential factor. 


DURATION CURVE. 

One of the first steps in investigations for developments that involve 
the use of water is the determination of the quantity of the available 
water supply, including the absolute minimum flow, the ordinary 


IHsckarge and horsepower table for Potomac River at PoirU of Rocks, Md., for 1904. 




Da)^ for duration curve 

Fig. 30. — Common hydroffraph and duration curve for 1904. Potomac River, Point of Rocks, Md. 
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Discharge in thcjusand second-ffeet-hydro^raph 

o o> 5 ^ 



Discharge in thousand second-feet for duration curve 
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minimum flow, and the maximum flow. For each the duration as well 
as the quantity of flow is important. In order that estimates may be 
reliable several years’ records of daily flow should be available for study 
and comparison. 

A knowledge of the duration of the flow of various magnitudes is fre- 
quently of value. A yearly table of duration of flow may be constructed 
by arranging in parallel columns the values of the various daily flows 
in order of their magnitude and the number of days of the year on 
which each flow occurs, as shown in the table on page 126. The sum of 
the numbers in the ** Number-of-days ” column up to any given flow 
will be the number of days when the flow is less than that indicated in 
the “ Discharge ” column, or the number of days of deficiency. 

By plotting the discharge as abscissas and the number of days of 
deficiency as ordinates, a curve (fig. 30) may be drawn showing the 
number of days in the year when the discharge is below any given 
quantity. The horsepower per foot of fall corresponding to the various 
discharges may also be computed and tabulated. 

The duration curve is especially designed for use in studies where no 
storage is contemplated. If storage is to be utilized the order of occur- 
rence of the flows of various magnitudes is important. 


SUMMATION HYDROGRAPH. 

Summation hydrographs or mass curves furnish an effective means of 
making studies of stream-flow data in connection with questions of 
storage and use of water. The method appears to have been first 
suggested by W. Rippl."* 

In the prex^aratioii of a summation hydrograph of stream flow accumu- 
lated totals of run-off arc plotted as ordinates and corresxionding times 
as abscissas. The totals may be expressed in any unit of run-off. The 
unit of time will commonly be the month, although a longer or shorter 
period may be used. 

On Plate VIII tlie broken line ACKGEB is a summation hydrograph for 
the South Branch of Zumbro River, Minn., from January 1, 1910, to 
A[)ril 30, 1912. The aptJication of this hydrograpli to the study of 
certain problems of storage on that river is shown by other lines and 
diagrams on the plate. In the construction of this hydrograph the 
monthly discharges for the period are tabulated in second-feet in column 
two of tlie following table : 


See I’roceediiig'S, Institution of (’ivil KiiKineers, vol. LX XI, 1883. 



DISCUSSION AND USE OF DATA. 


129 


Data and computations for summation hydrograph for South Branch of Zumhro 

River, Minnesota. 


Date. , 

Monthly 

discharge. 

Monthly 

run-off. 

Estimated 
depth of 
evapora- 
tion. 

Evapora- 
tion loss 
from 900 
acres. 

Net 

Monthly 

run-off. 

Accumu- 

lated 

run-off. 

{End of month) 

(Sec.-ft.) 

{Billion 

{Inches.) 

{Billion 

{Billion 

{Billion 

1910 


cu.-ft.) 


cu.-ft.) 

cu.-ft.) 

cu.-ft.) 

January 

254 

0.680 

0.9 

0.003 

0.677 

0.677 

February 

199 

.481 

.9 

.003 

.478 

1.155 

March 

1168 

3.129 

1.5 

.005 

3.124 

4.279 

April 

254 

.658 

2.7 

.009 

.649 

4.928 

May 

208 

.557 

3.55 

.012 

.545 

5.473 

June 

150 

.389 

3.79 

.012 

.377 

6.850 

July 

117 

.313 

4.64 

.015 

.298 

6.148 

August 

119 

.319 

3.76 

.012 

.307 

6.455 

September 

112 

.290 

3.64 

.012 

.278 

6.733 

October . 

108 

.289 

2.1 

.007 

.282 

7.015 

November 

112 i 

.290 

2.0 

.006 

.284 

7.299 

December 

107 

.287 

1.3 

.004 

.283 

7.582 

1911 







January 

105 

.281 

.9 

.003 

.278 

7.860 

February 

354 

.856 

.9 

.003 

.853 

8.713 

March 

171 

.458 

1.5 

.005 

.453 

9.166 

April 

142 

.368 

2.07 

.007 

.361 

9.527 

May 

174 

.466 

3.55 

.012 

.451 

9.981 

June 

118 

.306 

3.79 

.012 

.294 

10.276 

July 

81 

.217 

4.64 

.015 

.202 

10.477 

August 

245 

.656 

3.76 

.012 

.644 ' 

11-121 

September 

97 

.251 

3.64 

.012 

.239 

11.360 

October 

1110 

2.973 

2.1 

.007 

2.966 

14.326 

November 

271 

.702 

2.0 

.006 

.696 

15.022 

December 

438 

1.173 

1.3 

.004 

1.169 

16.191 

1912 







January 

165 

.442 

.9 

.008 

.439 

16.630 

February 

165 

.414 

.9 

.003 

.411 

17.041 

March 

855 

2.289 

1.5 

.005 

2.284 

19.325 

April 

930 

2.411 

2.07 

.007 

2.414 

21.729 


These discharges are converted to billions of cubic feet per month, 
shown in column three. After making allowance for evaporation losses 
from an assumed reservoir having 900 acres of water surface by use of 
columns four and five, the net monthly water supply in billions of cubic 
feet is shown in column six. The accumulated sums of the quantities 
in column six, shown in column seven, give the basis for the summation 
hydrograph which has tlie following characteristics ; 

1. The total run-off from the beginning of the record to any date is 
represented by the ordinate to the curve for that date. 

2. The total run-off during any period of time is measured by the 
projection of the curve for that period on the run-off axis. 

3. The rate of flow at any time is indicated by the slope of the curve 
at its intersection with the time ordinate if values of daily run-off are 
used in making the summation. To determine this rate, draw a line 
tangent to the curve at that point, extending it across the space for one 
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month. The difference in intercepts on the run-off axis at tlie l>t^in- 
ning and end of month will give the total run-off in hillitms of <‘uhic 
feet in a month if the rate were continued for that ptn*iud. For am- 
venience in determining rates of flow the diagram in the upper h*ft hand 
corner of Plate VIII has been prepared with lines <‘orn‘F|Kmdiiig various 
rates of flow. The Blo{)e of any jmrt of the (Uirve (*an lie eoinpared 
readily with this diagram and the rate of How read direc^tly or inter- 
polated. 

4. The average rate of flow for any periiHi of time can b* «ibtiiint*d by 
determining the slope of tlie line cjonnecting ilm ends id the eurve far 
that period as explained under 3. 

6. The ordinate intercepted between the curvit ami a line <*oiiiii*eting 
any two points on the summation hydmgraph showi^ wlielhf*r the total 
flow of the stream from the beginning of the |H*riod to the diibt indicated 
by that ordinate is greater or less than the total flow tliat woidd he 
produced during the same i>erkKl l>y tlie rati* of f!i>w imlieiitiHi hy tin* 
slope of the straight line. If thtpordinate is |KiHitivt% t. f,,. iiieiiHiired 
above the straight line, it sliows the amount !>y wliirdi tlie lota! How tif 
the stream is greater than that |)roi{u(‘<*il ly tlje fhiw of tin* draft lint*; 

u shows the amount by whit‘!i it is loss than tie* iiiiaiitity 

jt ^ed by the flow (‘orn*H|x>mling U> the sltUM* of tlit* draft lire*, 

6. The amount of shiragii m*edt*d to iH|Ualb.i‘ tho Ihiw for a given 
period of time can l>e dett*rmined from tie* mniiiiialioii hytirogra|>li l»y 
connecting by a straight line tie.* i*xtri*initit‘H cd tie* hyd.rog,riiph fur tie* 
period and measuring on theBi‘ah*of tie* ordiniitf axis tie* largost vortieal 
distance between this lire* and tie* hydrograph. 

Gerard H. MatthiNs"* gives tie* following prinei|«tl uho.h whirh In- Iuim 
made of tlie suinnjatioii hydrograph : 

1. Study of r<*lationH hi‘two(*n storagf* and draft for |,NiWi*r |>uri«»Hi*H on 
one ami the same stream. 

2. Sanu.^ as heforiMiiel in addition, relation witfi deinaiid^*-^ fur irr 4 .,:a" 
tion interests h(*low the jKover plant. 

.‘h Reguhitions of a, river for pover witii a rf-r'fvi ur nof <»ii 

the main stream hut o!i a tributary. 

4. Effect of regulating a river ftir tie* bf-netlt -.f oirr p»\v*T iilanl nn 

tie* wa, ter supply of a similar paver situated InginT up thr nvi-r 

but also Ih'Iow tie* reservoir. 

5. Tlei sane* probhmi as before, rxerpt that tie* re^ri-vnir is nut <iii the 
riv(*r its(‘lf, Imt on a trihutary. 

6. Rt‘gulating a river to supply ditTerent niteH of draft for ditforeiil 
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seasons of the ycmr (it being assumed that in all the previous cases the 
draft was uniform). 

7 . For determining tlie economical size of a reservoir, be it for power 
pur|K)ses or for irrigation requirements, and consequent height of dam. 

8 . For studying tlie capacity of small terminal reservoir for peak load 

puri:) 08 e 8 . 

The use of the summation hydrograph in determining the extent to 
which the flow of a stream may be regulated during any given period of 
time is illustrated in the following discussion of Plate VIII. 

First consider the period January, 1910, to April, 1912. The average 
flow for this period is represented by the slope of the line AB which 
connects the ends of the curve for the period and corresponds to a 
uniform draft of 297 second-feet. The amount of storage necessary for 
equalizing the flow and thus maintaining a constant discharge of 297 
B«»ond-feet during the period can be determined directly from the sum- 
mation hydrograph by measuring on the scale of the ordinate axis the 
largest vertical distanctis Si and S 2 that the hydrograph is above and 
iMdow the draft line AB. The sum of the ordinates Si and 82 gives the 
miiiimurn capacity of reservoir nxiuired for equalizing the flow. The 
ordinate Sj n^pr<‘H(mtH a storage of two billion cubic feet and the ordi- 
nate Sa, five l)illion cubic feet. The required capacity of the reservoir 
is therefore seviui billion cul)ic feet. It should he noted that the ordinate 
Si, whicli is {Kisitivt*, i, c., imuisured above the draft line AB, represents 
storage tluit can he supplied from the flow during tlie period under con- 
sideration, wliile th«‘ ordinate 82 , which is negative, i. e,, measured below 
the draft lirui AB, repn'sents a storage requirement which can not he 
satisfied hy flow from the beginning of period to the date indicated by 
ordinate and for wliidi water must he stored prior to that time if 
the assumed draft is to lie maintained. In other words, from January, 
llHO, to September, 191 1 (A to E), there was a total deficit of five bil- 
lion (nihie feet, and in onha* to make it possible to obtain a uniform 
flow of 297 second-feet during this jieriod there should have lieen five 
!>illion (-uhie feet of water in tie* res(‘rv(>ir on January 1, 1910. • 

Tlie distribution of tin* draft on this storage is shown hy the storage 
curve, LMN, under the summation hydrograph. This curve is olitaim^d 
l>y plotting th(M>r(linates int<‘re(‘pt(‘(l between the summation liydrograph 
and th(‘ draft liru^ AB. Sin(‘(‘ it is n(‘(‘(‘ssary to have five billion ciihie 
feet of water in th(^ reservoir on January 1, 1910, the interceiited ordi- 
nat«‘H art; plotted with n‘f(‘r(‘ne(‘ to tln^ storagii line corresponding to fiv(‘ 
billion euhie fe(*t. l\)sitiv('. onlinat(‘S ar(‘ plotUul above this line, and 
negative, lielow it. The storages shows : 
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1. That the five billion cubic feet of initial storage decreased to 4.6 
billion cubic feet on February 28, 1910. 

2. That the maximum storage in the reservoir occurred in March, 
1910, and amounted to seven billion cubic feet. 

3. That from April, 1910, to September, 1911, there was a draft on 
the storage until the reservoir was emptied in September, 1911. 

4. That after September, 1911, there was, in excess of the uniform 
flow of 297 second-feet, an accumulated storage amounting to five billion 
cubic feet in April, 1912, making the quantity of water in storage at the 
end of the period equal to that at the beginning. 

The summation hydrograph shows that even though the total run-off 
from January 1, 1910, to April, 1912, was equivalent to an average flow 
of 297 second-feet, the distribution of the flow was such that even with 
an unlimited storage capacity the flow for the period could not have 
been regulated so as to yield 297 second-feet unless the reservoir con- 
tained five billion cubic feet of water on January 1, 1910, the begin- 
ning of the period under consideration. 

If, with the reservoir empty on January 1, 1910, an attempt be made 
to obtain as nearly a uniform flow of 297 second-feet as is possible, the 
result would be as follows: 

From January to February, 1910, the slope of the summation hydro- 
graph is less than that of the draft line AB and, as the reservoir is 
assumed to be empty, it would be impossible to obtain a flow of 297 
second-feet during that period. The most that could be obtained would 
be the actual flow of the stream which is equivalent to an average flow 
of 225 second-feet as shown by the slope of the line AC. At C the 
inclination of the summation hydrograph becomes greater than that of the 
draft line AB and the flow in excess of 297 second-feet will be stored in the 
reservoir. From C draw the draft line CD parallel to AB and extend it 
to Dh During the period included between C and D, a uniform flow 
of 297 second-feet can be obtained. At D the reservoir will be eini)ty 
and from this date until September, 1911, the flow is less than 297 
second-feet. From October 1, 1911, to April, 1912, an average flow of 
297 second-feet can be obtained and, in addition, there will he five l)il- 
lion cubic feet of water in the reservoir at the end of the period, as 
shown by the ordinate BE' intercepted between Band the draft line EE' 
which is drawn through E parallel to AB. The contents of the reservoir 
throughout the period is shown by that portion of the curve OPRSMN 
which lies above the zero line. The portions of the curve l)elow tlie 
zero line indicate the periods and accumulated deficits when the flow 
was less than 297 second-feet. From Q to S this curve has been plotted 
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would occur is that included between the extremities of the draft line.' 
In order not to require a storage greater than the capacity of the reser- 
voir, the maximum ordinate intercepted between the draft line and the 
summation hydrograph must not exceed 0.664 billion cubic feet. This 
capacity is slightly exceeded in July and to a greater extent in January, 
1911. It is therefore not possible to obtain a flow of 157 second«feet 
because of insufScient capacity of the reservoir. As a second trial lay 
off at G the ordinate GH equal to 0.664 billion cubic feet and from H 
draw a line tangent to the hydrograph at J. It is evident from inspec- 
tion that the maximum ordinate intercepted between the hydrograph 
and HJ is HG, the capacity of the reservoir. Therefore from J to H it 
is possible to obtain a regulated flow represented by the slope of HJ 
equivalent to 147 second-feet. Through G draw a line parallel to HJ 
and extend it back to intersect the hydrograph at K. The flow during 
the period indicated by this line is sufficient to produce the regulated 
flow of 147 second-feet. 

The regulated flow which may be obtained during the period G to E 
is represented by the slope of line GE which is equivalent to 166 second- 
feet. The storage required for this flow does not exceed the capacity of 
the reservoir, since the maximum ordinate intercepted between the 
di'aft line GE and the hydrograph does not equal tlie storage capacity 
of the reservoir. 

The variation in tin* contents of the reservoir during the above nigu- 
lation is shown by tln^ storugi* curve whicli is shown by tlie broken line 
OQTM. After a slight storage in January, 1910, the reservoir became 
empty in B\d:)ruary. During March tlie reservoir filled rai)idly and 
remained full, water b<nng wasted, until May. From this date the 
storage decreased until the n^servoir became empty in January, 1911, 
Storage then increased to a maximum of about 0.39 billion cubic feet in 
March, 1911. The reservoir became empty in July and again in Sei)- 
tember, 1911. 


P"STrMAT[N(; HTREAM FI.OW. 

The engineer must often estinuiU^ tlie flow of streams of wliicli few if 
any rneasurements of discdiarge have hc‘en made. Tlie basis for such 
estimates of diseharg<^ and run-off may hi? (a) sliort tinu' records in tie/ 
basin ; (b) records of {)reci[)itatioii and information in n/gard to otlier 
factors affecting stream flow ; and (c) records from adjacent basins witli 
whicli comparison may he made. At best sutdi estimates are only 
roughly approximate and they should tak<‘ account of all available infor- 
mation. 
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In planning a project depending for its success on surface waters, the 
collection of systematic records of flow should be begun as soon as pos- 
sible, if such records are not already available. In general, the time 
required for bringing a pro ject to the stage of financing and construction 
is sufficient to permit the collection of records adequate to serve as a 
basis for checking the estimates of water supply for the enterprise. 
Preliminary estimates will therefore be confirmed or refuted before any 
considerable investment is made. 

The first attempt to present to engineers a rational basis for estimates 
of stream flow was made by F. H. Newell about 1890.* He prepared 
two curves showing a relation between rainfall and run-off, one for 
streams in mountainous regions, the other for streams draining basins 
characterized by broad valleys and gentle slopes. These curves show 
the relation indicated only in a general way and can not be safely relied 
on for estimating water supply. Many methods for estimating stream 
flow have since been outlined, the best being, contained in a paper by 
Adolph F. Meyer — “Computing run-off from rainfall and other physi- 
cal data.’’ In general, Mr. Meyer’s method is designed for the exten- 
sion of short time records of run-off by the use of longer records of 
climate. The extended estimates of run-off are obtained by subtracting 
from the recorded rainfall computed losses by evaporation from water, 
snow, ice, and land areas. A careful study of Mr. Meyer’s paper is 
1 ‘ecommended to those who have occasion to estimate stream flow. 

A comparison of short records of discharge in a basin, with long 
records of precipitation is of value in determining whether the available 
records of discharge represent conditions of high, low, or mean flow, 
even if no attempt is made to extend the actual record. The futility of 
estimating run-off hy taking flat percentages of rainfall is illustrated by 
the tables on pages 160 to 163. 

A simple method of estimating stream flow is to determine from 
records of other streams the probable discharge and run-off i)er square 
mile from tlie area und(‘r consideration. This, multiplied by tlie drain- 
age area, gives the discharge. Such comparisons can l )0 safely made, 
however, only wlien the streams us(d are situated in the same section 
of tlie country and are similar in size and character. 

When few measurements are available, coefficients may l)e determined 
by means of whicli discharge may l)e estimated from the records for an 
adjacent drainage area. Plates IX and X show in a liroad way the 
rainfall and run-off throughout the United States. As statcnl on page 

^ M, S. Oeol. Survey, Fourteenth Ann. Report, 1892--3, pp. 149-15:5. 

^ Tninsactions American Society of Engineers, Paper No. l::48, \*ol. LX XIX. page 105(5(1915). 
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156, from 19 to 28 inches of rainfall is required to satisfy evaporation 
and other losses. In areas in which rainfall is less than about 20 inches 
there is, as a rule, no run-off except during short periods of great pre- 
cipitation, and for such areas only approximate estimates of run-off can 
be made. It should be noted that Plate X shows only general condi- 
tions and is not intended for use in estimating available water supply. 


WHERE STREAM-FLOW DATA CAN BE FOUND. 

As a I'esult of studies by the Federal Government, by States, by 
special commissions, and by individuals, information in regard to 
stream flow and other water resources is now available for nearly all 
sections of the country This information is contained in |)ul)licatioim 
that should form a. part of every engineer’s library and it should l>e 
freely used in order to avoid duplication of work. 

The principal agencies tliat prepare and issue publications i-elating to 
water resources are — 

1. United States Geological Survey. 

2. United States Census. 

3. United States Weather Bureau. 

4. Corps of Engineers, United States Army. 

5. State officials. 

6. Special commissions. 

7. City officials. 

United States Geologiad Survey. — The United States Geological Survey 
has for many years carried on systematic measurements of (low of 
streams and publishes annually a report of the results of such measur(‘'- 
ments. In connection with this work it has made surveys of river 
profiles, studies of tlie quality of wat(‘r, and investigations of r(‘late<i 
subjects, and from time to time has published special r(q)orts which 
either bring together all the data for particular drainage artmsor dis<*uss 
important hydrologic problems. Most of thest^ reports iiru published in 
the series of water-supply Pa{)ers. 

United States Census. — A report on the water powers of tlu* im- 
portant rivers of tlie United States was prepared and publislHMl in 
volumes 16 and 17 of the Tenth Census. During and since tlu^ ('<‘nsus 
of 1900 schedules have been prepared at each 5-year i>eriod showing t he 
amount of water power utilized in tluj United States. 

United States Weather Bureau. — Data in regard to pre<*i[)itation, 
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evaporation, and other factors affecting the run-off of streams, are col- 
lected by the United States Weather Bureau, and published in the 
Annual Report of the Chief of the Weather Bureau, in the “Climate 
and Crop Reports,” in “ The Weather Review,” and in special bulle- 
tins. 

The Weather Bureau also maintains a “ flood service,” in connection 
with which records of daily fluctuations of river stage are collected at a 
large number of stations. These records have been printed under the 
title “ Daily River Stages.” 

OoTps of Engineers, United States Army , — The Army Engineers have 
investigated extensively the flow and slope of many of the larger 
rivers in the United States, including the Mississippi, Missouri, Niagara, 
and St. Lawrence. Data collected in these investigations are published 
in the annual reports of the Chief of Engineers and in reports of officers 
and special commissions working under the direction of the Chief of 
Engineers. The Army Engineers also have a large amount of manu- 
script data relative to the various streams. 

State officials . — Much information has been collected and published 
by various States. In many States the State Engineer has charge 
of the collection and publication of the data; in others the work is 
carried on by the State Geologist or special commissions. 

Special commissions . — Many problems relating to water resources 
have been investigated by commissions appointed by Federal, State, or 
city governments. Reports of such investigations are usually published 
and thus made available. 

City officials . — Nearly all large cities have investigated and reported 
on local water supplies. These reports may usually be obtained by 
applying to the city engineer. 

How to obtain Government publications . — Most Government publications 
may be obtained or consulted in the following ways: 

(1) A small number of every report is delivered to the department 
under which Uu) work was done. Copies of these reports may be ob- 
tained eitlKU* fr(;e of charge or for a nominal sum by applying to tlie 
department publishing them. 

(2) A certain number of eacli report issued is allotted to each member 
of Congress for personal distribution. 

(3) Other copies are deposited with tlie Superintendent of Documents, 
Washington, D. C., from whom they may be purchased at cost of pub- 
lication . 

(4) Copies are furnished to the principal public libraries in the large 
cities tliroughout the United States, where they may be consulted. 
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AEVOUT WRITING. 

The ability to write a clear, concise and comprehensive report contrib- 
utes largely to the success of an engineer. Such ability, although 
relatively rare among engineers, can be acquired by giving proper atten- 
tion to a study of (1) the purpose of a report, (2) the information to be 
included, (3) the method of presenting the information, and (4) the 
form of the report. 

The duties of an engineer extend beyond his study of the physical 
features relating to an enterprise and include questions of administra- 
tion, operation, economics, and finance, and even questions pertaining 
to the relation of the enterprise to the community. An engineering 
report, therefore, may and often must discuss all these related factors 
on which success may depend. 

Broadly, the requirements of a successful reix)rting engineer are : 

1. To see and evaluate i) 08 Bibilitie 8 . 

2. To formulate features of design. 

3. To estimate with reasonable accuracy the cost of construction. 

4. To analyze and to appraise properly the market, industrial and 

80 (*ia] conditions. 

5. To prepire a clear and concise statement covering the essential 

features of a project.. 

6. To draw sound and definite conclusions. 

Stream-flow records and allied data form an inqxjrtant part of reiK)rt8 
that discuss tlie use of water, and tlie engin(‘er wlio collects or uses these 
data should tlierefore al>le to present them clearly in a refX)rt con- 
taining complete information in r(‘gard to the* project for which they 
have been compiled. 


nUiCosK OF A r?:port. 

Engineering rejx)rts may be into two (Masses — adminiHtrativ<‘ 

and technical. 

Tlic ohj<‘ct of an administrati vr rc|M>rt is to present information iii 
regard to i)n)gr(‘ss or status of iiiv<*stigations, (h‘V(*lopnHmt, or operation , 
in ord(‘r that iiitcr(\st<Ml persons may 1>«‘ inforni(‘d of its |)rogr(‘ss and 
tliat a pennamait rt'cord may he made* of th(‘ condition of tln^ work at^ 
stated intervals of tine*. 

A technical r(‘port may {>ertain to inv(‘stigations of a {)roject, to its 
development, to tli(‘ operations of a, going concern, or to a eorn|)leted 
structure. Its ohjeet may l)e to presmit the imjxn'tant facds and eon- 
elusions pertaining to the pliysica.1 or tinancial i)ractical)ility of a projtiet 
or to the economics of a going concern, for the consideration of persons 



DISCUSSION AND USE OF DATA. 


199 

interested in the construction, operation, financing, or control of the 
enterprise; or the report may be made primarily to record permanently 
the information obtained. 


INFORMATION TO BE INCLUDE!) IN A REPORT, 

An administrative report should contain statements in regard to per- 
sonnel, finances, progress of work, and like features, or to the factors 
and conditions affecting these features. If lengthy discussions of 
details are necessary, they should be presented in separate reports or 
appendixes. 

Technical reports should contain statements of the technical and re- 
lated features of the project or development and the conclusions derived 
from the statements. Every report should include — 

1. An introduction stating the object of the report and giving a gen- 
eral description of the project or development and the sources of infor- 
mation. 

2. A presentation, in the body of the report, of all important’ facts 
necessary to show the physical characteristics, feasibility, and estimated 
cost of the project, and its value when completed, as well as the elements 
of stability or of the risk involved, the nature of the presen^''-^'''-" 
pending on the character of the enterprise. Complete statemexx no XCKX- 
tive to all factors affecting the project or development should be given, 
together with sufficient information to indicate the reliability of the 
data on which the conclusions rest. 

3. The conclusions which should show concisely the results of the 
analysis of the data presented in the body of the report and the recom- 
mendations based on those conclusions. The report should be dated 
and signed on its final page, or a dated letter of transmittal, bearing 
the signature of the author, may be prepared. 

Each report should include a title page, a table of contents, a list of 
illustrations, a list of tables, if necessary, and, if the report is long, an 
index. Long reports should be prefaced with an abstract of not more 
than two pages presenting the salient facts and conclusions. Delated 
data or discussions not essential to a clear understanding of conditions 
but necessary as a basis for statements made in the report or for a 
detailed and critical analysis should be presented, if at all, in appen- 
dixes instead of in the body of the report. 

As a basis for writing a report, an outline should be prepared and, 
to guard against omissions in estimates, a drawing of this or a similar 
enterprise) showing every possible variation should be followed. 
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METHODS OF PRESENTING INFORMATION. 

Information can be presented in three forms — text, tables, and illus- 
trations. 

All data to be used in the report should be carefully studied in order 
to determine which of these three forms affords the clearest and best 
method of presentation. Choice should be made primarily from con- 
siderations of conciseness and clearness, but the ability of the probable 
readers of the reixirt to understand one or the other of these forms must 
also be considered. 

Text , — The matter of the text should be presented in logical order 
and in simple and concise language. It should be divided into topics 
designated by center and if necessary by side headings under which the 
matter should be appropriately divided into paragraphs. Eeferences 
to information outside the report or to authorities cited should be made 
by footnotes. Citations of data within the report should be made l)y 
cross references, giving page numbers. Direct quotations should l>e 
exact as to wording, but errors in punctuation and other obvious 
printer’s errors should he corrected. Proper credit for quotatiouB, 
either direct or indirect, should be given cithtu’ in the text or in foot- 

— Tables offer a convenient and effective method of presenting 
deal data and may also be used to present facts that are common 
10 several units or groups, in order to divsclose common or s{)ecial cliar- 
acteristics or to make desirable comparisons. For example, the indus- 
trial or otlier features of the cities of a State may {)re8ent(i(l mon* 
effectively by grouping tlwin in tal)l(‘S under appropriate headings than 
by describing tliem in text. Tabular arrangement of information is 
illustrated in Thiio VII. 

All headings for tables sliould be clear and comusen Tluire may be 
a choice not only as to tln^ wording of headings of columns iait as to 
their grouping as side heads or to[> lu^ads. A prop(‘r cboica' of 
headings may make it possibh* to combine two tal)l<\s in om*, or to pre 
sent a table in more condensed and (univeniiait form. A transiHKsition 
of side and top heads may improvt^ a table both ie aiipearamxi and in 
clearness. Examples of the use of tables are siiowu in this book. 

Each table should liave an appropriate title and in sonn* r(‘iM)rts tin* 
numbering of tables may increast‘ the t^ase and d(‘funt(m(\ss witli whi(‘h 
references may be made to them. 

Illustrations . — Illustrations may be used to amplify the t<‘xt or tabl(*s 
or as an independent means of presenting information. In g(‘n<n*al, 
they may be grouped in two class(‘s — photographs and drawings. Piio- 
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tographs may siiow either general features or details of specific features. 
Drawings may be used to present data graphically or plans of features 
of the work, or, as maps, to show the locality and the positions of 
important features. A number and appropriate title should appear im- 
mediately below each illustration. The title of a photograph should 
always include the date on which it was taken. 

FORM OP A REPORT. 

All material in the report should be bound in regular book form. 
The first impression made by a report — a result of its general appear- 
ance — may determine its effect on the reader, and the ease with which 
it can be handled, read, and studied — a result of its general arrange- 
ment and make-up — may determine to a large extent its value and 
usefulness. 

The manuscript should be typewritten on letter paper, with liberal 
margins and preferably with no visible corrections either by typewriter 
or pen. Except for quotations and tables, which may be single spaced, 
the lines should be double spaced. Pages should be numbered in the 
upper right hand corner. Tables and illustrations should be inserted 
in the text at or immediately after the place of first reference to them. 

Not only the title page but the first page of text should bear the title 
of the report and the name of its author. A blank page should precede 
the title page and follow the last page of the report. 

So far as possible, tables and illustrations should be reduced to the size 
of a i)age. If this is impossible, the sheet should not exceed twice the 
height of the page, as only one horizontal fold can be conveniently handled 
in a bound report. The length, however, is not thus limited as the bel- 
lows system of folding permits the ready use of several vertical folds. 

So far as possible all drawings should be bound in the report but large 
sheets that must be folded horizontally more than once may be more 
conveniently used if placed in a j>ocket portfolio accomx)anying the report. 
A careful study of scales and a proper arrangement of matter may enable 
the writer to present information on slieets tliat may be l)ound in the 
report. Under no consideration should rolls of drawings accompany a 
report, as they are inconvenient both for liandling and filing. 

MEA8UREMENT OF DRAINA(iE AREAS FROM MAl^S. 

In many hydrologic studies it is necessary for the engineer to measures 
the areas of drainage l)asins. Tables accompany most planimeters, giv- 
ing either (1) the proper settings so tliat the xfianimeter will give the 
ania directly for maps of various scales, or, (2) the settings so that 
th(^ readings will give square inches and coefficients to be used in eon- 
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nection with maps of various scales for reducing these readings to 
square miles. In measuring drainage areas, however, it is more satis- 
factory to calibrate the planimeter, with the arm at any setting, directly 
from the map on which the area is to be measured rather than to use 
those tables. This method is applicable to maps constructed either on 
the Mercator or on the polyconic projection. By it considerable time is 
saved in making the measurement and greater accuracy is obtainal)li% 
as errors due to shrinkage or stretch of paper and those due to tlie 
planimeter itself, are eliminated. 

The calibration is readily made by determining the number of revo- 
lutions of the planimeter wheel for a quadrangle of equal extent in 
latitude and longitude for which the area is given in standard hiblea 
similar to those shown on pages 143 and 144, The area at the given 
latitude corresponding to a revolution of the planimeter wheel for 
map used, may then be determined by dividing the area of the nn^an- 
ured quadrangle by the number of revolutions of the planimeh^r wJn^el, 
thus calibrating the instrument for tliat latitude and map. 

In the calibration a quadrangle should be chosen, the rniddhs iwirullel 
of which passes approximately throiigh tlie center of gravity of the ar<*a . 
This is necessary in order to txjualize tlie variation in ana due to 
ences in latitude. In case the area extends over sevi^ral chgn^es cd 
latitude, it may l)e necessary to divide it into two or more iwirts and 
calibrate tlie planimeter for each part. 

In determining an area it is necessary to measure only the {Kirtions 
which do not oeeiipy full quadrangles as the anas for full quadrangles 
can be taken directly from tlie tal)l(.\s. 

In using tlie planimet<‘r, start at any ol>serv('(I whe<‘I rea<ling, without 
attempting to set the arm at z(*r(). Move tln^ iH>iutcr around the area 
in a clockwisfi direction and ol>serv(* tin* final wli<‘<*l rea<ling. ('haiige 
the ixisitioa of tlu^ |)lanim(*t<‘r wh<*el on tli<‘ paprr, observe the* initial 
reading and niov«i th(i pointer aroimd tie* area in a. counter-clock wisf* 
direction an<l ohserv(i the final wheel reading. Tie* (iifT(‘rene«‘B lietwaaai 
the initial and final readings in tie* two runs resix/etivdy should he very 
small and their mean will Ih* tin* ni(“aii reading for thc^ area. Idie 
doiihle tracing of the area in this manner gives a. (du'ek on the reading 
a, 11(1 wli(‘n a{)plied as explain(‘d rem<)v«‘s tle^ (‘rror due to lag of the 
instrument. 

In somti (‘ases it is conv(‘ni(*nt to ealihrat(‘ ili<‘ pianim(‘ter, using the 
avea of a Stat<‘ or county instead id th<‘ ar(‘a, rd a <}uadrilateral. Areas 
of quadrilaterals of various sizes may lx* round in “ Geographie Tahirs 
and Ftirmulas/^ rnit(‘d Stales (h‘oIogieal Survey, from vvhieh tiH‘ tahles 
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Arem of quadrilaterals of the earth’s surface of SO^ extent in latitude and longitude. 
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Areas of quadrilatefals of the earth* s surface of $0^ extent in latitude and longi^ 

tude {continued). 
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Oil pages 143 and 144 have been obtained. Standard areas of various 
States are given in Bulletin 302, United States Geological Survey, and 
areas of counties can be obtained from Rand and McNally Atlas maps. 

Unfortunately, in measuring drainage areas in many sections of the 
country, maps of sufficient detail are not available for determining 
accurately the boundaries of the areas. In general, maps from various 
sources may be rated as to reliability in the following order: 

(1) Results of special detail surveys. 

(2) Topographic sheets, United States Geological Survey. 

(3) United States Land Office maps. 

(4) United States post route maps. 

(5) Rand and McNally Atlas maps. 

(6) Miscellaneous State and county maps. 

LOGARITHMIC PLOTTING. 

In ordinary plotting, the co-ordinates or distances from the axes rep- 
resent values of the variables. In logarithmic plotting, the co-ordinates 
represent values of the logarithms of the variables. 

Thus figure 31 is the result of plotting directly the following simultan- 



* ” Hydraulic Jva)>()ni(cry Manual,” )>y J’rofossor.s Krnest W. Stdiodcr ami Kerinetli B. Turner, 
('ornell University. 
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ecus values of X and Y, the plotted points having been joined by a 
smooth curve: 

X Y 

.50 .162 

.90 .45 

1.20 .74 

1.60 1.22 

2.00 1.80 

Let us now tabulate the logarithms of the above values. 

Loff X Log Y 

■ 9 . 6990 (— 10 ) 9 . 2095 (— 10 ) 

9 . 9542 (— 10 ) 9 . 6532 (— 10 ) 

.0792 9 . 8692 (— 10 ) 

.2041 .0864 

.3010 .2553 



: 6 !, 
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It fihould be noted that the logarithms of numbers less than 1 are 
negative. Instead, however, of writing the logarithm of 0.50 as —0.3010 
(i. e, log i=0 0.3010), we change it to a whole negative number plus a 
positive decimal, i. e, either to — l+O.^OO (because log t\=*0.6990 — 1), 
written 1.6990, or to 9.6990 — 10 (the — 10 being usually omitted in 
writing, but always understood). 

In figure 32 these simultaneous values of the logarithms are plotted. 
The numbers marked along the axes to the left of and below the origin 
are in accordance with the usual scheme of writing the negative loga- 
rithms. 

In figure 32 the plotted points give a straight line, while in figure 31 
with the direct plotting of the simultaneous values there is obtained a 
curve resembling a parabola. Herein appears one advantage of loga- 
rithmic plotting. In figure 31 we have no ready means of determining 
the equation of the curve, but in figure 32, since we have a straight line, 
the equation can be found readily as follows: 

The equation of a straight line is of the form 

y=ax-{-h ( 1 ) 

where a is the slope of the line and h is the intercept on the Y axis, e. 
when a;=0, So, by measuring the slope (the tangent of the 

angle made with the X axis) and the intercept, we can write out the 
(H)rrcct equation of any straight line. 

It is to be noted that the slope of a line may be negative as well as 
iK>sitive. If the line is in the second and fourth quadrants the slope is 
negative. Or, from another standpoint, wdien y increases with an 
increase in x the slope is positive and when y decreases with an increase 
in tlie slope is negative. 

Now, if wo know, or assume, the equation 

F=mX, (2) 

we may write also 

{log Y)=^7i(log X)-\-{log (3) 

Ix'cause if quantities are equal, their logarithms are equal. 

Equation (3) is of the same form as (1), ^. a straight line equation. 
In {?>) the slope of tlio straiglit line is n and the intercept on the (log }') 
axis is {l(}g m) n e. wlien {log X)=0, {log Y)=^(log m). Hence an 
(‘(luatiori like (2), which gives a parabola-like curve when corresponding 
values of X and Y are plotted, gives a straight line when the logarithms 
of Xand Fare plotted. Conversely, when the logarithms of A" and ]' 
have been plotted, and the points found to lie on a straight line, W(' 
know that the equation is of the form 

F-wX“ 
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the slope of the line being equal to the exponent n and the iixtercept on 
the (log Y) axis being equal to (log m) . To find m when (log m) in 
known a table of logarithms is used. 

The above reasoning holds good for all real values of the exponent n, 
whether positive or negative, whole number or fraction, m is assumed 
to be positive, as it usually is in equations that occur in engineering. 
We deal with only positive values of the original variables, X and }', 
since the logarithm of a negative number is an imaginary quantity. 

With the above facts demonstrated we can proceed to write tlie ajua- 
tion of the line in figure 32. 

The slope is ”^—1.75. (See Fig. 32.) The intercept on the (^ 0 |/ F) 

X 

axis is negative and by the chosen scale the distance below the origin 
equals — 0.277, or, by the system of representing negative logarithms, 
it equals 9.733( — 10) as may be read directly on figure 32. Therefore 
the equation of the straight line is 

(log r)==1.75(^op A0+(9.733— 10). 

Taking the anti-logarithms of both sides, we have 

F=0.54X'*"" , 

which is the desired equation in terms of X and F, the original varial)h?H . 

Let us now make use oi logarithmic scales along the axes of figure* 32, 
(See Fig. 33), and note the results. 

On a logaritlimic scale tlie divisions and marking ar(i sueli that a 
division with some particular number represents (by its distance from 
the starting point) the logarithm of that number, just as on the common 
slide rule. Figure 34 shows an equal division scale and a logaritlimie 
scale side by side. A careful study of these sealcns in tiadr relation to 
each other will fix in mind the principle involved. 

So by using the logarithmic scales it is not n<‘C<*ssary, for instniiee, to 
scale off the interecid, as was done in figure 32, and tla^n to look up tie* 
corresi>onding number in a table of logarithms. In figure P>2> o!i thr- 
logarithmic scale at the left, horizontally opposite the inters('e{ ion of 
tlie sloping line with the (log F) axis, we see the division rcpn\senl ing 
0.54. Tins is the same value of m previously obtained by th(i longer 
roundabout method. 

So also ill figure 33, opposite each plotted point, we see, on iho b*ft and 
bottom logarithmic scales, the divisions representing the valu(‘S of 
Xand F given at the beginning of this diseussion. It thus ai»pe.ars 
that the logarithmic seal(‘S enal)leiis both to plot in pr()p(‘r }>ositi()n ilu* 
logarithms of given numliers witlioiit using a table and also to read off 
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directly the number whose logarithm is represented by a given distance, 

e. g\ d.xi intercept. 

Hence for puriioses of logarithmic plotting we do not need the eciual 
divisions along the axes, as in figures 32 and 33, but can advantageously 



Logarithmic scale. ValuesorfX 


HiiliHtituto the logarithmic scaliis. This brings ns to the method of 
ruling LognHihniic Cross- Section Paper or a Logarithmic Diagram. As 
ordinary cross-section paper is made by drawing two sets of lines, equally 
Sfmced, jierpendicular to each other, so logarithmic paper is made by 



Equal Division Scale, marked with logarithms of numbers on the upper Scale 
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drawing two sets of lines spaced according to a 
logarithmic scale. 

The “base’’ of such paper, and of a loga- 
rithmic scale in general, is the distance represent- 
ing 1.0 in logarithms. Thus tlie “ base” of the 
lower scales on the common 10-inch slide rule 
is 10 inches (sometimes 25 centimeters). The 
“base” of the upper scales of the slide rule is 6 
inches. 

A logarithmic scale has the same salient fea- 
tures as a common logarithmic table. Thus a 
table of logarithms contains the logarithms of all 
numbers between 1 and 10, advancing by inter- 
vals of, e. g.^ .01 or .001 or .0001, etc. Wo con- 
sider such a table complete, but really it is not, 
because we modify tlie tabubir logaritlims by 
adding or subtracting one or more wliole units 
{flie cJmractenstk) whenever the number is more 
than 10 or less than one. Under the same con- 
ditions we may consider a logaritlimic scale to be 
complete wdien its divisions extend from 1 to 10. 
We can provide for the iK)siii()n of the decimal 
point by sliifting one “ l)ase ” haigtli for CiU^h 
j>lace tliat tlie decimal point is moved, l)ecaus(‘ 
changing tlie decimal point one place on a num- 
lier cliangcs its logaritlim by 1.0. ''rhen on a 
logarithmic scale the xiosition of the division 
n‘[)r(‘SeMting the nuinixa* would be moved one 

l)as(‘. 

But ill jilottiiig w'e do not wish to botlMU* with a 
scale that must be shifttnl about on tlu^ paper. 
The pap(‘r should be ruhal so it will furnish its 
own S(‘ale at all jH)ints. Evidently, then, loga 
ritlimic Seale eross-seetions (‘oiisist of a, siK'eessi* m 
of pands oiKi base siiUaiMn All ])aii(‘]s are nihMl 
alike, just as eii tla^ rii»per scales of a, rU'h* rule 
the right Iialf is a rept'tiliou of tli<^ h fi half. 
logarithmic, seah* in tigure 1 illustrates a. sue- 
cession of tiv(^ bast* dislauees (Nieh divided alike, 
and giving a raiigi^ of values from .01 to l(M)t). 


itajuiears from tigure 33 that tlaoixiNS are situated where the logjirith- 
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iBic scales are marked 1. This is so because (log 1)«0. So on loga- 
rithmic paper the line for (log X)=0 is marked with the value of X, 
viz., 1. Therefore on logarithmic paper, in plotting lines from equa- 
tions or finding equations from plotted lines, the origin always is at the 
intersection of the lines marked 1, and the intercept is to be taken on 
the Y axis, which is the line marked X=l. 


tJO 



H'Ki. ;{5. 


Oi roursc oil tli(^ uimsod of logarilhirii(‘, cross-soetioii papiT there 

is a division luarki'd 1 ev( 0 *y base distance along all four <‘(lg(‘S. Wc 
can choose any oiu; of these for tlui unity valiui (ie[)(‘n(Iing on conven- 
ience and the rangii of valiK'S it is dcssircul to n'tiriisinit. After this we 
must i)roi)(a*ly place the (le<;inial points on tlnJ printed nuinlxirs of the 
iimise<l slieet. The liiu^s one or more “bases” to the left or right of 
th<i y axis represent (log X)^ 1 , 2, etc., or -f-l, d“2, etc., and the 

inarkingB are to be changiMl respectively, to O.t, .01, 10, 100, etc. 
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In short when we have selected an origin we naust use it and no other 
during the whole calculations. Decimal points are not to be disregarded 
any more than on the slide rule. 

In figures 35 and 36 are shown logarithmic plottings of three equations. 
The only difference between the figures is that the background in figure 
35 is composed of equal division cross-section lines as on ordinary cross- 
section paper, while the background in figure 36 is composed of lines 
ruled according to a logarithmic scale as on logarithmic paper. 


-oo 
o : 



The equations in terms of X and F, are respectively: 

(Full line), F-=0.16r)X' "F 

(Dotted line) , F== 1 . 26X ® ' *'■’ . 

(Dashed line) , }"== 0 . 282.^ ~ ^ ^ ^ ^ ‘ 

These equations are read directly from figure 36, or indirectly from 
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figure 35 by first writing out the straight line equations of the loga- 
rithms, namely : 

(log 7) =1.72 (log Ar)+ (9.22—10). 

(log 7) =0.55 (log X)+0.1. 

(log 7)= 1.11 (% AT) + (9.45— 10). 

By taking the anti-logarithms of each side of these equations we obtain 
those given above. The advantage of using the logarithmic paper is 
obvious. 

It is to be noted that the slope of a line on logarithmic paper is a 
ratio of two distances, and that these distances must be measured with 
an ordinary scale, not with the logarithmic scale of the paper. 

Following are a few relations involving powers and roots, and in the 
representation of which logarithmic plotting is useful : 

Plow in pipe; — 

^ ^ d 2g ^ 


Plow in open channel : — 

V^AV'Fs. 


V(‘Io<‘ity of j(4 : — 

V^Cy'2gh^ 

H<‘ad (torreHj:)oiiding to velocity: — 



Po\v<T in a nozzle ntreain : — 



CHAPTER VI. 


HYDROLOGY AS RELATED TO STREAM FLOW. 

Water in its ceaseless round from atmosphere to earth and return, in 
its courses over or through the land or through animal or vegetable 
life, affords an endless number of interesting problems for study. It 
occurs in three forms — ^vapor, liquid and solid. It is distributed in the 
air as vapor or as clouds; on the surface of the earth, in running 
streams, ponds, lakes, the ocean, or frozen as ice or snow, and in plant 
and animal life; and in the ground as permanent or temporary ground 
water. 

The science of hydrology relates to the occurrence of water in Nature. 
It includes a knowledge of the phenomena which pertain to and affect 
its appearance in the air, on the surface of the earth, and in the ground, 
together with its chemical and physical properties. The interrelation of 
the various phases of hydrology makes its study complex ; consideration 
of any one phase necessarily involves practically the whole subject. In 
this discussion, which pertains principally to stream flow, there will l)e 
considered the conditions affecting the quantity and distribution of 
water from the time it reaches the earth in some form of precipitation 
until it flows into the ocean or is returned to the atmosphere. Knowl- 
edge of these conditions is necessary for the proper consideration of 
problems involving the economic utilization of water. 

The water in surface streams is derived primarily from precipitation 
and represents that part of the precipitation that is left after evai)ora- 
tion, vegetation, seepage, and other losses have been satisfied. It reaches 
the streams either directly, by flow over the surface of the ground, or 
indirectly, by passage through the ground. The division of i)re(^ipita- 
tion between surface and ground flow will depend largtdy on the intcai- 
sity of precipitation. In general, the water of floods is derived from 
surface flow and that of medium and low stream stages from groin i< I How. 

The factors that determine the quantity and distribution of water in 
streams include climate, vegetation, topography, geology, geograi)hi(! 
location, and the works of man. Of these factors topography, g(‘ology 
and geographic location are practically permanent; the otlier thri'e vary 
from time to time. The effects of these factors can not as a rule he 
differentiated, the laws governing them have not been fully develoi)ed, 
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and in general their magnitudes are not demonstrable; tendencies only 
can be discussed. They affect stream flow, however, in one or both of 
two ways, first, in the total yield and, second, in the seasonal distri- 
bution of run-off or the regimen; any factor may affect the flow directly 
or it may operate indirectly by its influence on one of the other factors. 

It is noteworthy that whereas the climatic factors — especially precipi- 
tation and evaporation enter largely into the distribution of run-off, 
they also practically determine its total amount. The other factors, 
except as they affect climate, exert their influence principally on the 
distribution of flow and only slightly on the total quantity-of discharge. 

CLIMATE.* 

Both the total flow of a stream and its distribution depend largely on 
climatic conditions. Precipitation, evaporation, temperature, wind, 
and humidity are the principal climatic factors. 

In general, climatic conditions are determined chiefly by latitude, the 
relative distribution of land and water, the elevation of the land surface 
above sea level, and the prevailing winds which closely follow changes 
in barometric pressure. 

PRECIPITATION.'^ 

All water that appears in streams has at some time been condensed 
and precipitated from the atmosphere. The quantity, intensity, and 
distribution of precipitation are therefore principal factors determining 
the quantity and distribution of run-off. The effects of precipitation 
on stream flow are shown directly in the flow itself, but they are modi- 
fied more or less by all the other conditions that affect stream flow. 

For areas of considerable magnitude having sufficient precipitation to 
satisfy natural losses, the portion of precipitation available for stream 
flow depends on the magnitude of the losses through evaporation, vege- 
tation, and seepage — losses that for a given locality are fairly constant 
and have been found to aggregate normally in the United States between 
19 and 28 inches annually, the quantity depending on the length of the 
growing season and not on the amount of precipitation. Any locality 
in which the rainfall is less than is required for normal losses is non- 
productive in stream flow except when excessive precipitation is tem- 
porarily greater than the losses. 

Plates IX and X illustrating graphically the average precipitation 

® “ Climatolog-y of tlni ('nitcC Statos,” by Alfred Jiidson Henry, Bulletin Q., IT. 8. Weather 
Bureau, is an exhaustive treatise on this subject. 

Measureinoiit of Breeipitatioii, U. S. Weather Bureau Circular K, No. 445, describes methods 
of collecting records of botli rainfc.ll and- snow. 

^See Water-Supply Baper No. 301, IJ. S. Cleol. Survey- 
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and the average run-off in the United States, show that the average 
run-off in most of the region east of the Appalachian range is between 
20 and 30 inches. The rainfall in this area generally varies from 40 to 
50 inches. West of the Appalachian Mountains, to the center of the 
Mississippi Valley, the run-off gradually decreases to about 10 inches 
and the rainfall to 30 inches. At the 99th parallel the run-off is about 
3 inches and the rainfall less than 20 inches. From the 99th parallel 
to the Sierra -and the Cascade ranges the rainfall, except on the high 
mountains, is less than 20 inches, and the annual run-off is less than 3 
inches. In general, the streams in this region of low run-off gather 
their waters either from tributaries draining mountainous areas in which 
rainfall exceeds 20 inches or from areas of less rainfall during occasional 
periods of excessive precipitation. In the region between the Sierra 
and Cascade ranges and the Pacific Coast, except the floor of the Great 
Valley of California and the coastal area below San Francisco Bay, 
rainfall and run-off are higher than in any other part of the United 
States. In many places in this region both rainfall and run-off exceed 
100 inches. 

In preparing the map (Plate IX), showing lines of equal precipitation, 
rainfall data collected throughout the United States were supplemented 
and checked by stream-flow data for areas for which rainfall records 
were not available. When comparison of records showed a higher rate 
of stream flow than that indicated by the available rainfall data, the 
rainfall was estimated from the run-off data by adding 19 to 28 inches 
to the run-off. 

In using rainfall records the conditions affecting their accuracy should 
be given careful consideration. The record obtained by a single rain 
gage shows only tlie measured precipitation on a few square inches of 
surface. This record, even if accurately made, may not be representa- 
tive of a considerable area. In order to ascertain with reasonable 
certainty the average precipitation over a large area, inaiiy rain gages 
should be employed. Under ordinary conditions, however, the gages 
available in a given area are generally few and the extremes of i)recii)i- 
tation, which always occur in comparatively small areas, may not l)e 
recorded. Rain gages are usually placed near habitations which in 
mountainous regions are generally at the lower elevations. Accurate 
records obtained by such gages may not therefore correctly rcipresent 
the precipitation on the more elevated or less inhabited regions. It 
follows that the application of a few records to a large area may result 
in considerable error. 

Satisfactory measurements of the snowfall of individual storms are 
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seldom obtained because of the difficulty in collecting in a receptacle a 
representative amount of snow falling in wind. In order to measure 
snowfall, therefore, it has been found most satisfactory to arrange a 
platform on which the snow is allowed to fall, and to collect and melt a 
vertical sample of known area, thus determining its water equivalent. 
The tube-and-scale method, devised by the United States Weather 
Bureau (PL XI, B), for determining the water equivalent of accumu- 
lated snow, represents the latest and best practice and will give satis- 
factory results when sufficient observations are made. The following 
table shows the record of accumulated snow and its water equivalent 
observed during an intensive study by this method on certain drainage 
areas in the White Mountains of New Hampshire. But few records of 
this character have been collected on account of the expense involved. 

In considering rainfall data in connection with stream flow a record 


Accumulated Snow and Water Equivalents on New Hampshire Drainage Basins. 


Date. 

Covert Brook. 

Anderson Brook. 

Shoal Pond Brook. | 

Burnt Brook. 

Depth of 
snow. 

Water 
equivalent . 

Density. 

Depth of 
snow. 

Water 

equivalent. 

Density. 

Depth of 
snow. 

Water 

equivalent. 

Density. 

Depth of 
snow. 

Water 

equivalent. 

Density. 

191X 

Inches 

Inches 


Inches 

Inches 


Inches 

Inches 


Inches 

Inches 


Bee. 24 . . 

3.3 



6 



8 



6 



1912 













Jan. 1 . . . 

4.7 



6 



9 



10 



8. . . 

7.7 

1.8 

.23 

10 

2 T 

.28 

13 

2.0 

.15 

13 

2.1 

.16 

15 . . 

15 

2.5 

.17 

18 

3.4 

.19 

22 

3-4 

.15 

24 

4.5 

.19 

22 . . 

19 

4.1 

.22 

27 

4.6 

.17 

29 

5.1 

.18 

26 

5.0 

.19 

29 

19 

4.5 

.24 

26 

4.7 

.18 

28 

5.3 

.19 

25 

5.2 

.21 

Feb. 5 . 

22 

5.1 

.23 

26 

5.3 

.20 

31 

5.9 

.19 

26 

5.8 

.22 

12 . . 

22 

4.6 

.21 

26 

5.2 

.20 

31 

6.2 

.20 

26 

5.4 

.21 

V.) 

O*) 

4.1 

.19 

25 

4.7 

.19 

31 

5.8 

.19 

28 

5.9 

.21 

. . . 

28 

5.5 

.20 

31 

6.3 

.20 

36 

6.6 

.18 

37 

5.5 

.15 

Mar. 4 . . . 

35 

5.8 

.17 

42 

8.2 

.20 

46 

8.5 

.18 

37 

8.0 

.22 

11 

34 

5.5 

.16 

38 

6.4 

.17 

43 

7.1 

.17 

38 

6.5 

.17 

IS 

30 

5.4 

.18 

36 

7.0 

.20 

43 

6.7 

.16 

39 

6.3 

.16 

25 - . . 







45 

9.8 

.22 

34 

6.5 

.19 

Apr. 1 ■ . 

34 

4.9 

.14 

37 

7.9 

.22 

45 

9.6 

.21 

37 

7.9 

.21 

9 . . . 

25 

8.4 

.34 

30 

8.8 

.29 1 

38 

8.9 1 

.23 

30 

7.0 

.24 

14 . . 

22 

8.0 

.87 

25 

9.2 

.37 

34 

10.6 

.31 

25 

8.9 

.36 

18 . . . 

15 

5.0 

.33 

21 

6.3 

.31 

27 

8.0 

.30 

18 

5.0 

.28 

22 

12 

5.1 

.42 

17 

5.4 

.32 

21 

6.2 : 

.30 1 

14 

5.0 

.36 

29 . . . 


.3 

.43 

14 

4.5 

.32 

14 

4.3 

.26 

6 

2.1 

.34 


of the intensity of precipitation is as important as the total amount. 
Unfortunately comparatively few automatic rain gages have been oper- 
ated, so that data in regard to intensity are lacking in most parts of the 
country. In using rainfall data it is necessary to assume that for any 
j>eriod of time the mean rainfall over the whole of an area is either the 
arithmetical or weighted mean of the rainfall during that period as 
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observed at the various stations in the area. As all rainfall records are 
liable to great errors, weighing is generally not warranted. 

The records of precipitation show great variations from season to 
season and from place to place, with little if any ascertainable sequence 
or order. They show also great variations for different sections of the 
country and for different altitudes and exposures in the same sections. 
The mean yearly and seasonal rainfall for any locality is, however, 
fairly constant and has been determined for many observation stations 
from records extending over a series of years. 

The average precipitation and the range of departure from the average 
has been determined with reasonable accuracy for many localities in the 
United States. Plate IX shows lines of equal rainfall drawn from the 
means of records collected in several years at many observation stations. 
The departures from the mean conditions can be determined for any 
place only by studying detailed records of precipitation. 

In order to compare rainfall and run-off both records should be ex- 
pressed in ‘ ‘ depth in inches ’ ’ over the drainage basins considered and 
should, of course, represent the same periods of time. Such data have 
usually been computed and recorded for calendar months. This period 
however, too short for purpose of comparison and may lead to 
apparently erroneous results, because heavy precipitation at the end of 
a month will not appear as run-off until the following month, as shown 
in the tables on pp. 160 to 163. A year is a better period but is not 
entirely satisfactory. The calendar year is undesirable as a comparative 
period, because the conditions of snow and ground storage are not tlie 
same at the end of every December. The year beginning with October 
or November, depending on the locality, is much better, as on the first 
of such period the conditions of storage are more nearly uniform from 
year to year, for at that time no snow is stored and the quantity of 
water held by the streams, lakes, and swamps and in the ground is 
usually at a minimum. The largest factor disturbing tlie relation 
between run-off and rainfall is storage in ground, surface, and snow, 
and as little information on this subject is available, it has hi'en 
impossible to make proper allowance for its effect. 

The tables^ on pp. 160 to 163 show, for various drainage areas in 
northeastern United States, the monthly and yearly rainfall, run-off, and 
loss for each of the years for which run-off records are available. The 
records of precipitation were in some instances incomplete, and figures 
ior several months in the period considered were missing. In such 
c‘ases the mean of the records for the stations available was taken as tlie 

Proceedings, American Society of Civil Engineers, VoL XXXI II, May, 1907. 



MAP OF UNITED STATES, SHOWING MEAN ANNUAL RUN-OFF 

Red lines and figures Indicate average annual run-off in depth. In Inches 




MAP OF UNITED STATES, SHOWING MEAN ANNUAL RUN-OFF 

Red lines and figui-es indicate average annual run-off in deptli in inches 
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mean for the month in question. Interpolation for supplying missing 
rainfall data adds nothing to the accuracy of the record and is probably 
never justifiable by theory or facts. 

Rainfall records for the principal precipitation stations in the United 
States have been compiled and published by the U. S. Weather Bureau 
in 106 sections, under the title “Summary of Climatological Data for 
the United States.” 


EVAPORATION. 

All precipitated water, in some part of its course over the earth’s 
surface, is subject to evaporation which returns a portion of it to the 
atmosphere. 

The effects of evaporation extend both to the total flow of streams and 
to the variations in flow during different seasons. . The principal con- 
ditions on which the amount of evaporation depends are the temperature 
of the atmosphere and of the surface from which the evaporation takes 
place, the relative humidity of the air, and the wind movements. The 
relative importance of these effects has not been d^^tf^rTYiinA/l TLa r«+.A 
of evaporation from both land and water surfa 

different localities and in the same locality in di . . . 

laws having general applicability have been discovered by which evapo- 
ration can be computed and, as with rainfall, information in regard to 
it has been obtained by direct observation. 

But few direct measurements of evaporation from land surfaces have 
been made.* Indeed, it has generally been impossible to distinguish 
between the losses by vegetation and those by direct evaporation. In 
general the difference between rainfall and run-off from a given area 
gives the best available information as to the amount of such losses. 
As stated on page 155 these losses in the United States vary from 19 to 
28 inches. The tables on pages 160 to 163 show the total losses for the 
northeastern portion of the United States, 

Records of evaporation from water surfaces collected at many points 
in the United States show an annual variation ranging from 20 to 40 
inches in the humid eastern States and from 60 to 125 inches in the 
arid West. These records are of great value in studies of storage, as 
the total annual storage is diminished by the annual evaporation from 
the water surface. 

The following table gives the monthly and annual evaporation at 
selected stations in the United States. The data in tins tal)le, with the 


^See U. S. Geol. Survtvy Water Supply Paper No. 291. 

*^See reports of U, S. Weather liureaii for methods used and data eolleided. 
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RIVER DISCHARGE 


Monthly and yearly maximum, minimum, and mean 

loss, for an 


[Note: — = Mean; 

Precipitation , in Inches . 


Drainage. 

October. 

November. 

December. 

January. 

February. 

March. 

M. 

R. 

M. 

R. 

M. 

B. 

M. 

R. 

M. 

R. 

M. 

B. 

Oonnecticnt, al>ove Or- 
ford; 3 800 sq. miles. . . . 
Honsatonic, above Gay- 
lordsriUe; 10^ aq. miles 

2.99 

4.12 

2.12 

2.17 

6.54 

1.05 

2.80 

4.77 

1.86 

2.28 

2.94 

1.99 

1.60 

8.18 

0.71 

8.44 

4.77 

2.06 

8.98 

6.49 

2.74 

2.89 

4.29 

0.89 

4.88 

6.76 

2.72 

8.05 

4.89 

1.66 

2.66 

4.24 

0.76 

4.10 

6.20 

8.04 

Susquehanna, above Har- 
ri^urg; 24 080 sq. miles. 

8.02 

5.74 

0.95 

2.68 

4.43 

0.92 

2.97 

6.68 

1.04 

2.73 

4.40 

1.77 

2.67 

4.55 

0.98 

8.86 

4.58 
■ 1.21 

Susquehanna, above 

Wilkes-Barre; 9810 sq. 
miles 

8.88 

6.04 

1.69 

2.41 

4.70 

1.18 

8.80 

6.58 

2.24 

2.57 

8.40 

1.69 

2.80 

8.46 

1.17 

8.60 

4.77 

8.17 

Susquehanna, above Wil- 
liamsport; 5 640 sq. 
miles . . 

2.90 

6.22 

0.89 

2.74 

4.91 

0.64 

8.15 

6.48 

1.25 

2.68 

8.69 

1.51 

2.72 

4.00 

1.05 

4.09 

6.J^ 

8.42 

Ohio, above Wheeling; 
28 820 sq. miles 

2.66 

6.78 

0.51 

8.09 

5.67 

0,66 

8.18 

6.07 

1.84 

8.24 

4.97 

1.72 

8.19 

6.54 

1.19 

8.89 

5.62 

1.40 

Potomac, above Point o 
Bocks; 9 650 sq. mil^. 

2.21 

6.41 

0.57 

2.29 

4.10 

0.79 

2.67 

6.71 

0.74 

2.68 

8.78 

1.56 

2.91 

6.88 

0.46 

8.42 

4.44 

2M 

Shenandoah, above Mil 
ville; 8 000 sq. miles. . . 

2.47 

7.10 

0.4H 

2.08 

4.16 

0.81 

2.61 

6.12 

0.28 

2.68 

4.08 

1.41 

8.12 

6.28 

0.88 

8.62 

5.12 

2.08 

James, above Cartersville 

6 280 80 . miles,... 

James, above Buchanan 
2 060 8q. miles 

8.46 

8.85 

0.65 

1.89 

8.57 

0.98 

8.28 

7.19 

1.41 

8.20 

4.48 

2.21 

3.52 

6.08 

0.59 

8.88 

6.88 

2.59 

2.52 

8.07 

0.46 

2.42 

6,20 

0.71 

8,00 

7.63 

0.80 

2.79 

4.56 

1.77 

8.66 

5.80 

0.68 

8.88 

5.66 

2.89 

Jamas, above Glasgow 
880 sq. miles 

2.61 

8.70 

0.82 

2.29 

5.27 

0.78 

2.87 

7.60 

0.17 

2.86 

4.49 

1.80 

8.57 

6.48 

0.49 

8.89 

6.36 

2.67 

Appomattox, above Ma 
toax; 745 sq. miles 

2.70 

7.60 

0,85 

2.20 

8.99 

1.06 

8.76 

8.08 

1.88 

8.28 

4.82 

2.00 

8.11 

6.22 

0.94 

8.68 

6.96 

2.87 

Eoanoke, alwve Roanoke 
890 sq. miles 

2.71 

6.82 

0.18 

2.49 

4.60 

1.01 

2.92 

7.45 

0.50 

2.86 

4.08 

1.64 

8.92 

7.10 

0.62 

4.01 

6.49 

2.44 

Roanoke, above Rai 
dolph; 8 080 sq. miles. . 

2.61 

S.fvl 

O.fM 

i 2.22 

i 

8.15 

1.22 

1 8.95 

7.K4 

1.78 

; 3.10 

4.36 

2.19 

8.56 

5.68 

0.88 

; 8.57 

6.49 

2.:.9 


K UN - OFF , IN Inches . 


Drainage . 

October. | 

November. 

December. 

January. 

B'ebruary. 

March. 

M , 

R . 

M . 

R . 

M - 

R . 

M . 

B . 

M . 

R . 

M. 

E . 

Connecticut, above Or - 


1.94 


2.51 


2.84 


1.11 


1.03 


7.56 

ford 

1.24 

0.45 

1.28 

0.50 

1.28 

0.47 

0.76 

0,27 

0.54 

0.26 

8.91 

1.60 

Honsatonic, above Gay- 


8.25 


1.92 


4.18 


8.21 


( 8 . 68 ) 


8.77 

lords ville 

1.89 

( 0 . 40 ) 

1.89 

0.96 

2.68 

( 1 . 08 ) 

2.82 

0.98 

1.61 

0.49 

5.88 

( 4 . 24 ) 

Susquehanna, above Har- 


2.17 


2.18 


8.58 


8.79 


4.04 


7.46 

risourg 

0.90 

0.16 

1.08 

0.28 

1.75 

1 0.49 

1.94 

0.67 

1.98 

0.58 

4.48 

2.46 

8uH(iuehanna, above 


8.22 


1.47 


4.91 


8.45 


8.92 


7.84 

Wilkes-Barre 

1.16 

0.18 

0.96 

O.fMt 

2.58 

0.90 

2.89 

2.14 

2.56 

1.57 

5.88 

2.79 

Susquehanna, above Wil 


2.68 


l.Bl 


4.14 


8.28 


4.52 


H.Oi) 

liara8i>ort 

0.85 

0.15 

1.14 

0.29 

1.76 

0.83 

1.96 

1.01 

1.96 

0.56 

5.59 

2.82 



8.70 


2.97 


3.64 


4.30 


7.29 


6 , H 9 

Ohio , alK>ve Wheeling . . . . 

0.72 

0.12 

1.21 

0.24 

1.99 

0.58 ; 

2.78 

1.28 

3.12 

0.78 

4.07 

1.87 

Potomac, above Point of 


1.68 


0.99 


8.06 . 


2 . 49 | 


4.60 


6,50 

Rocks 

0.62 

0.14 

0.44 

0.15 

1.06 

0.26 : 

1,80 

0 . 51 ! 

2.00 

0.89 

2. HO 

l.!ki 

Shenandoah, above Mill 


2.99 


1.05 


8.12 ^ 


2.62 


8.68 


5,84 

ville 

0.82 

0.20 

0.48 

0.20 

1 06 

0,29 i 

1.21 

0.471 

1.58 

0.46 

2.16 

0.86 

James, above Carters- 


2 .; i 4 


1.27 


3 29 i 


2.76 


8.74 


6.29 

ville. 

0.89 

0.21 

0.75 

0.26 

1.51 

0.46 

1.80 

0.68 

2.11 

O.M 

8.16 

1.52 



2.88 


2.46 

1 

4 . H 2 


2.51 


5.84 


5.67 

James, above Buchanan. 

0,60 

O.IH 

0.71 

0.20 

1.80 

0.26 

1.86 

0.42 

2.34 

0.51 

8.85 

1.58 



2.48 


1.67 


4.50 


2.79 


8.99 


4.44 

James, above Glasgow. . . 

0,67 

0.22 

o.c:i 

0.24 

1.21 

0.81 

1.41 

0.63 

00 

0.48 

2.82 

1.28 

Appomattox, above Mat- 


1.44 


1.82 


2.51 


2.73 


8.60 


4.01 

toax 

0.68 

0.27 

0.04 

0.83 

1.46 

0.58 

1.75 

0.61 

2.29 

0.46 

2.26 

0.78 



8.06 


1.71 


4.28 


8.84 


5.68 


7,49 

Roanoke, above Roanoke. 

0.86 

0.26 

0.78 

0.24 

1.29 

0.85 

1.48 

0.22 

2.84 

0.64 

2.88 

0.94 

Roanoke, above Ran- 


1,82 


1.08 


8.61 


2.29 


8.49 


4.18 

dolph 

1.08 

0.80 

0.81 

0.82 

1.71 

0.71 

1.68 

0.78 

1.98 

1.02 

2.88 

1.04 
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HYDROLOGY AS RELATED TO STREAM FLOW. 

rainfall, run-off in percentage of rainfall, and 
average year. 

R = Range.] 


April. 


June. 

July. 

August. 

September. I 

Year. 

eg 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

Total. 

R. 

6 ^ 
!z;h 

2.77 

8.64 

2.99 

4.78 


5.27 


5.06 


4.69 


6.75 


41.80 


1.87 

0.27 

8.78 

2.10 

4.84 

8.76 

8.88 

8.22 

8.73 

1.08 

86.76 

88.48 

5 


6.12 


6.24 


10.42 


7.26 


7.28 


6.42 


51.49 


8.71 

2.26 

2.97 

1.12 

5.46 

1.86 

5.00 

8.72 

6.56 

8.45 

4.70 

1.94 

47.86 

89.77 

6 

2.76 

4.46 

8.96 

7.70 


6.44 


7.24 

6.48 


6.61 


45.17 


1.27 

1.27 

3.98 

2.77 

4,11 

2.42 

4.16 

1.92 

8.04 

1.41 

89.38 

81.62 

14 

2.70 

4 67 


6.39 


6.88 


7.86 


6.61 


4.82 


44.13 


1.50 

2.78 

1.11 

4.46 

2.94 

6.06 

4.03 

4.49 

2.78 

2.90 

1.40 

89.86 

81.77 

6 

2.89 

4.69 


6.41 


6.03 


7.58 ' 


6.62 


4.70 


44.11 


1.88 

8.20 

1.74 

4.11 

2.94 

4.62 

2.77 

4.14 

2.26 

2.88 

1.05 

40.02 

88.04 

10 


6.50 


7.48 


6.80 


9.08 

6.88 

6.48 


65.66 


8.28 

1.67 

4.04 

2.18 

4.82 

2.60 

4.66 

2.54 

8.74 

1 80 

8.07 

1.66 

41.71 

83.47 

21 


6.06 


6.47 


6.67 


6,63 


7.00 


6.09 

44.81 


2,61 

1.84 

8.77 

1.97 

4.15 

1,81 

4.16 

2.28 

8.60 

1.69 

2.66 

1.82 

86.86 

29.37 

10 


6.24 


6.82 


7.63 


6.21 

7.78 


7.22 


48.08 


2.66 

1.16 

8.85 

2.28 

4.90 

2.09 

4.14 

2.17 

8.56 

1.41 

2.95 

1.01 

88.88 

80.47 

10 


6.92 


6.70 


7.73 

7.47 


10.22 

4.11 


64.88 


8.07 

1.72 

8.75 

1.78 

6.18 

8,65 

4.06 

2.85 

4.60 

1.64 

8.24 

1.98 

42.98 

80.58 

7 


6.52 


6.81 


7.67 


8.48 


8.71 


6.20 


68.31 


2.66 

1.67 

4.20 

1.25 

4.78 

8.84 

4.42 

2.27 

8.67 

1.61 

8.17 

1.06 

41.17 

80.45 

10 


7.08 


6.18 


8.71 


6.22 

7.47 


6.70 


61.48 


2.70 

1.19 

4.04 

1.83 

4.78 

2.72 

4.09 

2.18 

8.82 

1.46 

8.24 

0.78 

40.76 

82.48 

10 


6.99 


7.26 


6.04 


7.06 


18.06 

4.20. 


62.98 


8.09 

1.08 

8.96 

1.72 

8.99 

8.20 

4.18 

1.94 

6.24 

2.70 

2.89 

2.29 

42.98 

80.80 

5 


6.50 


7.46 


8.14 


11.64 


10.72 

6.16 


68.30 


2.80 

1.67 

4.18 

0.98 

4.77 

1.90 

4.91 

8.08 

8.80 

0.98 

8.82 

1.22 

42.68 

86.19 

9 


6.04 


6.88 


6.98 


6.09 


11.21 


8.29 


68.95 


8.J)6 

1.48 

1 4.07 

1.92 

4.58 

2.83 

4.92 

2.68 

6.16 

2.40 

2.77 

1.86 

48.80 

84.00 

5 


April. 

May. 

June. 

July. 

August. 

September. 

Year. 

oi 

M. 

R. 

L. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R 

Total. 

R. 

6 S 


7.10 


4.80 


3.20 


1.51 


1.53 


1.82 


27.04 


4.70 

3.64 

3.10 

1 .16 

1.69 

1 .02 

1.09 

0.49 

1.09 

0.69 

1.08 

0.37 

21.66 

16.01 

6 


6.43 


4.50 


4. 28 


2.49 


2.19 


2.25 


86.94 


4.(J8 

3.H2 

2.40 

1.11 

2.2-4 

0.92 

1,47 

0.66 

1.41 

0.H7 

1.51 

1.08 

29.43 

28.76 

6 


4.H3 


4.54 


3.03 


8.26 


1 .60 


1.42 


28.03 


8.43 

2.:M 

2.07 

0.61 

1.25 

0.50 

0.83 

0.34 

0.77 

0.24 

0.61 

0.17 

21.09 

10.84 

14 


4.46 


2.52 


1 .79 


3.41 


1.53 


1.44 


27.18 


8.17 

2. 19 

1 . 13 

0.40 

1.07 

0.10 

1.01 

0.28 

0.66 

0.12 

0.72 

0.15 

23.19 

15.15 

6 


5.45 


3.15 


2.41 


4.11 


1.41 


1.24 


21.00 


8.50 

2.2-1 

1.6H 

0.60 

1.20 

0.51 

1.23 

0.36 

0.87 

0.27 

0.52 

O.IH 

22.26 

10.57 

10 


6. HI 


5.10 


3.37 


3.49 


1.H8 


2.50 


31.20 


3.20 

1 .80 

1.94 

0,51 

1.30 

0.31 

l.(KJ 

0 28 

0.76 

0.16 

0.53 

0.15 

22.68 

16.29 

21 


4,60 




2.18 


1.52 


2.66 


O.HH 


21 . 16 


l.m 

0.76 

1.3-1 

(0.31 ) 

0.99 

0,37 

0.76 

0.29 

0.69 

0.23 

O.M 

0.16 

14.22 

8.16 

10 


4 . 79 


3.36 


3 07 


1.71 


3.15 


0.93 


19.78 


1.77 

0.72 

1.39 

0.53 

1.16 

0.52 

0.83 

0.34 

0.81 

0.38 

0.43 

0.23 

13.64 

7' . H6 

10 

1 

4.45 


3.45 


3.05 


1.45 


3.08 


1.25 


24.73 


2.1H 

1.(11 

1.6J1 

0,94 

1.50 

0.08 

0.99 

(1 38 

1.02 

0.30 

0.67 

0.29 

18.21 

10.09 

7 


4.9H 


3.55 


3.15 


3 02 


2.71 


0.99 


20.30 


2.02 

O.HH 

1.77 

0 5H 

1.17 

0.-19 

0.98 

0.21 

0.81 

0.22 

0.50 

0.21 

16.91 

11.45 

10 


4.130 


2.K3 


3.00 


2.82 


2.49 


2.14 


21.33 


1.79 

O.HO 

1.51 

().5H 

1.15 

0.30 

0.99 

0 24 

0.84 

0.25 

0.63 

0.17 

16.99 

12.15 

10 


3.67 


3.19 


1 .51 


1,31 


4.01 


I.IH 


25.15 


2.18 

0.K5 

1.4^1 

0.92 

0.90 

0.48 

0.73 

0.39 

1.42 

0.53 

0.88 

0.37 

16.48 

10.92 

6 


4. IK) 


4.36 


2.54 


8.54 


6.73 


1.68 


29.00 


1.89 

0.5H 

1.79 

0.76 

1.14 

0.54 

1.16 

0.89 

1.88 

0.26 

0.80 

0.22 

17.69 

8.88 

9 


8. 19 


3.16 


1.73 


2.43 


4.94 


1.46 


25.18 


1.88 

O.Hl 

1.65 

1.10 

1.37 

1.U5 

1.45 

0.79 

1.80 

0.82 

1.02 . 

0.65 

18.66 

10.99 

6 
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RIVER DISCHARGE 


Mmthly and yearly maximum j minimum, and mean 

loss, for an 


Ktjn-off in Percentage of Rainfall. 


[Note: — M — Meaiu 


Draioage. 

October. 

November. 

December. 

Jakuary. 

February. 

March. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

Connecticut, above Or* 


92 

57 

182 

46 

108 


55 


83 


168 

ford 

41 

IT 

88 

17 

38 

18 

84 

28 

114 

46 

Housatonic, above Gay- 


64 

58 

m 

61 

67 

76 

149 


(87) 

208 

lordsviHe 

47 

(13) 

22 

(87) 


63 

(80) 

143 

87 

Susquehanna, above Har- 
risburg 


44 


m 


100 


188 


209 

277 

SO 

6 

41 

11 

59 

10 

71 

82 

74 

41 

184 

60 

Susquehanna, above 
Wilkes-Barre 

85 

58 

4 

40 

m 

22 

77 

140 

40 

112 

201 

76 

111 

197 

(47) 

148 

228 

78 

Susquehanna, above Wil- 


64 

42 

m 


102 

75 

116 


146 

200 

liamsport 

m 

10 

12 

56 

r> 

50 

72 

48 

187 

71 


72 


114 


99 


129 


151 

191 

Ohio, above Wheeling... 
Potomac, above Point of 

27 

6 

89 

12 

64 

27 

86 

46 

98 

51 

120 

82 


162 


4lJ 


70 

51 

98 


168 

119 

Rocks 

24 

8 

19 

6 

40 

10 

80 

69 

88 

82 

41 

Shenandoah, above Mill- 


628 


64 


883 

47 

78 


189 

UH 

ville 

88 

10 

28 1 

12 

40 

9 

(27) 

49 

(26) 

61 

23 

James, above Carters- 


181 ! 


69 


70 


74 


108 

128 

ville 

25 

13 ; 

86 ! 

28 

46 

21 

56 

81 

60 

84 

81 

44 



92 


75 


67 


75 


105 

172 

James, above Buchanan. 

24 1 

8 i 

29 ^ 

14 

48 

11 

49 

24 

64 

10 

86 

40 


881 . 


64 ^ 


658 


78 


I 108 

127 

James, above Glasgow. . . 

i 20 j 

8 ^ 

28 

11 1 

42 

12 

49 

84 

66 

' 61 

70 

87 

Appomattox, above Mat- 
toax... 

28 ; 

160 i 
11 1 

29 

47 

18 

89 

71 

17 

58 
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rainfall, run-off in percentage of rainfall, and 
average year. 


R = Range.] 


April. 

May. 

1 Junk. 

July. 

August. 

September. 

Year. 

No. of 
Years. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

E. 

M. 

R. 

M. 

R. 

Mean. 

R. 


206 


430 


68 


38 


8') 


34 


65 


170 

120 

104 

65 

46 

20 

26 

18 

28 

16 

28 

22 

69 

46 

5 
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113 


61 


40 


80 


73 


125 
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81 

72 

41 

20 

29 

11 

25 

18 

32 
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62 

68 
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85 
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^0.70 


1.67 


4.28 


3.m 


8.02 


8.74 


18.81 


—1.94 
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exception of those collected at Chestnut Hill Reservoir, Boston, Mass., 
and at Mount Hope Reservoir, Rochester, N. Y., were obtained from 
publications of the U. S. Weather Bureau, and are the results of a year’s 
observations made during 1909-1910. 


Monthly Evaporation at Different Points in the United States. 


Month 

California, 

Ohio, 

floating pan 
diameter — 
four feet 

Birming- 
ham, Ala., 
floating pan 
diameter — 
four feet 

Chestnut 
Hill Reser- 
voir, Boston 
Mass., 
floating pan 

Mt. Hope 
Reservoir, 
Rochester, 
N. Y..- 
floating pan 

Dutch Plats 
Neb., 

ground pan 
diameter- 
four feet 

Deer Flat, 
Idaho, 
ground pan 
diameter- 
three feet 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
Of 

yearly 

o| 

P.43 
c8 c8 

j> 

w 

Per cent 
of 

yearly 

January 

n.oo 

2.2 

*1.50 

2.9 

0.96 

2.4 

0.52 

1.5 

*1.75 

2.7 

*1.50 

1.9 

February . . • * • • • 

n.5o 

3.3 

*1.50 

2.9 

1.05 

2.7 

.54 

1.6 

*1.75 

2.7 

*2.25 

2.8 

March 

^2.50 

5.4 

*2.25 

4.4 

1.70 

4.3 

1.33 

3.9 

•3.00 

4.6 

*4.00 

5.1 

April 

4.12 

9.0 

4.45 

8.6 

2.97 

7.6 

2.62 

7.6 

*4.50 

6.9 

*7.25 

9.2 

May 

5.07 

11.0 

5,91 

11.5 

4.46 

11.4 

3.93 

11.4 

*6.25 

9.1 

10.68 

13.5 

June 

6.21 

13.5 

7.28 

14.2 

5.54 

14.2 

4.94 


8.05 

12.2 

11.05 

14.0 

July 

7.20 

15.6 

7.36 

14.4 

5.98 

15.2 

5.47 

15.8 

10.95 

16.7 

11.15 

14.1 

August 

7.26 

15.8 

7.34 

14.3 

5.50 

14.0 

5.30 

15.4 

9.39 

14.3 

11,77 

14.9 

September 

5.63 

12.2 

6.00 

11.7 

4.12 

10.4 

4.15 

12.0 

7.44 

11.3 

*9.75 

12.3 

October 

»3.00 

6.5 

•4.00 

7.8 

3.16 

8.1 

8.16 

9.1 

5.59 

8.5 

5.40| 

6.9 

VT n^ber 

*1.50 

3.3 

*2.25 

4.4 

2.25 

5.7 

1.45 

4.2 

*4.00 

6.1 

2.70 

3.4 

iher 

*1.00 

2.2 

*1.50 

2.9 

1.51 

3.9 

1.13 

3.2 

*3.00 

4.6 

*1.50 

1.9 

Year 

45.99 


51.34 


39.20 


34.54 

. 

65.67 


79.00 



Month 

N. Yakima, 
Wash., 
ground pan 
diameter- 
four feet 

Hermiston, 
Oreg., 
ground pan 
diameter — 
three feet 

Ady, 

Ore., 

floating pan 
diameter — 
four feet 

Brawley, 

Cal., 

ground pan 
diameter — 
six feet 

Mam math, 
Cal., 

ground pan 
diameter- 
six feet 

Granite 
Reef, Arii!., 
ground pan 
diameter — 
four feet 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

Per cent 
of 

yearly 

Evapo- 

ration 

p 

(D f-t 

o ca 

January 

*1 .75 

2.6 

•1 .25 

1.8 

().5() 

0.9 

3.05 

2.9 

4.21 

.‘5.4 

4. 59 

4.0 

February 

•2.50 

3.7 

*1.25 

1.8 

1 .25 

2.:3 

5.00 

4.8 

5,67 

4,5 

*•1.75 

4.1 

March 

*6.25 

9.3 

•3.(X4 

1.4 

3 ,57 

6.7 

8.00 

7,7 

.8.99 

7.2 

•6 25 

5.4 

April 

7,9] 

11.6 

7.28 

10.7 

6.(>4 

12. ;{ 

10.74 

10,4 

12.02 

9,6 

*9.(H) 

7.7 

May 


12.3 

7.89 

116 

7.15 

13.4 

13,79 

13 3 

15,. 52 

12.4 

*1 1 .50 

10.0 

June 

8.90 

13.1 

9.54 

14.0 

6,99 

13.1 

1:5.68 

13.2 

16.75 

13.3 

*13.50 

11.7 

July 

10.74 

15.8 

12.04 

17.8 

8.01 

15.0 

If. 14 

13 6 

18 00 

1 1.3 

*11. 25 

12.4 

August 

9.41 

13.8 

11.07 

16.2 

9.21 

17.2 

1 1 .26 

10.9 

13.7;; 

10.9 

14,23 

12.3 

.September 

5.51 

8.1 

7.35 

10.9 

6.13 

11.5 

10.15 

9.8 

12,1 f> 

9.7 

i:i.76 

12.0 

October 

3.15 

4.6 

3.88 

5.7 

2.60 

4.8 

6.99 

6.8 

9.19 

7.6 

11.31 

9.8 

November 

•2.00 

2.9 

*2.00 

2.9 

1 .(K) 

1 .9 

4.09 

4.0 

5.26 

•1.2 

7.: 59 

6.4 

December 

•1.50 

2.2 

*1.50 

2.2 

.,50 

.9 

2.66 

2.6 

3.70 

2.9 

4 65 

4.0 

Year 

67.98 


(•>8.05 


5:1.45 


103.55 


125.53 


115.18 



* Evaporation interpolated by plottiiifrall the ^iaUi available and extending the curves b) cover 
the missing periods. 


The records for Chestnut Hill Reservoir were ol itained hy Desmond Fitz 
Gerald. For the summer months they are the means of ten years of 
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observations, while for the winter months they are deduced from special 
experiments on the evaporation from snow and ice. 

The data at Mount Hope Reservoir were obtained by Emil Kuichling 
since 1891, and are the means of two to eight years' observations. The 
values for these two stations as here published are taken from Turneaure 
and RusselPs “ Public Water Supplies.’’ 

The monthly percentages for the evaporation at Boston and Rochester 
having been derived from the mean of several years’ records are of 
general value while those for the other stations in the table, derived from 
records of a year or less in length, are of smaller value since the yearly 
evaporation varies considerably. 

Evaporation from a body of water is measured by determining the 
loss of water from a pan (PL XI, A), so placed that the contained water 
has as nearly as possible the same temperature and exix)sure as that of 
the water which it is intended to represent. 

The seasonal differences in evaporation are illustrated by the follow- 
ing table, which shows the rainfall, run-off, and loss during the winter 
and summer months respectively in the northeastern United States. 
While no measurements are available showing evaporatioi 
surfaces, the table indicates tl^at the losses during the Win^vyj. UilB 
vary inversely with the latitude and therefore with the temperature. 

When the temperature is below freezing for a considerable part of the 
time, the losses are small. During the summer or growing period, the 
losses are uniform and apparently have no relation to the latitude. In 
general the monthly loss during growing seasons in the humid sections 
of the country is about inches. 


TEMPERATURE. 

Temperature affects stream flow in two ways: First in the total flow, 
on which it acts indirectly through its effect on other climatic condi- 
tions, especially evaporation and rainfall; second, in the distribution 
of flow, for which it is one of the principal regulating factors, by tempo- 
rarily holding back the water in the ground or in the form of snow 
and ice. 

At the beginning of winter the formation of ice on the surface of 
streams, lakes, and swamps materially reduces the quantity of water 
available for stream flow until again released by the breaking up of the 
ice. For example,* the low-water flow of Rum River in Minnesota, 
during January or February, is about 70 second-feet. The river above 

*8ee U. S. Geol. Survey Water Supply Papor JMo. :W7. 
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the gaging station is approximately 100 miles long, its average width is 
about 100 feet, and its gradient is small. Ice forms over its entire 
surface ranging from li to 2 feet in thickness. If in two months a 2- 
foot ice cover is formed, approximately 80,000,000 cubic feet of water 
will be stored as ice, an amount equal to about 15 second-feet or 
about 21 per cent of the low-water flow of the river at the gaging section 
for these two months. 

The freezing of the water also temporarily affects stream flow by the 
sudden increase of friction due to the ice cover, thus causing the flow at 
a given cross section to decrease until the slope, area of cross section and 
velocity have been adjusted to the new conditions. At the beginning 
of each cold period, therefore, stream flow will drop suddenly, but may 
increase to some extent later. In addition to the surface water that is 
held back in the form of ice, considerable quantities of ground water 
are frozen and the general flow” of ground water is retarded, thus reduc- 
ing the amount of water that reaches the streams during these periods. 

Precipitation during winter usually occurs in the form of snow and 
therefore is available for run-off only when the temperature rises suffi- 
ciently for melting. In fact, in many sections most of the precipitation 
does not affect stream flow until the spring break-up. Small quantities 
of rain falling on snow are absorbed by it and held in storage. Though 
considerable melting may occur during short periods of rain or at 
temperatures above 32° without rain, most of the water is absorbed and 
held by the snow. 

The magnitude of the effect of snow and ice storage varies widely with 
latitude and elevation and with precipitation during the winter season. 
Relatively few measurements of the water equivalent of such storage 
have been made. tal)le on page 157 shows the results of such 

measurements Tnad(^ in one season on the basins of small Rtn‘ams in the 
White Mountains of N(w Hanix)sliir(‘. 

The importance of snow storage on tlie regimen of streams is illus- 
trated hy figure 37, in whicli the spring floods shown on the hydrographs 
for Kennebec River in Maine and Grand Rivca- in Colorado are caused 
largely, if not entinly, by th(‘ irndting of snow and iee. Figure 3<S illus- 
trates in the diurnal fiiutuation of stage of Kings Riv('rin California the 
elianges in stream flow resulting from the unequal melting of snow and ice 
at different hours of tlie day in tlie mountains drained l)y that riven*. 

Western streams in whose basins the annual precipitation is largely 
concentrated in the winter season are jiarticularly dependent on snow 
fields and glaciers in mountainous x)ortions of their basins for sustaining 
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the summer flow and therefore for the value of the streams for use for 
irrigation and power. Without such natural storage, an equivalent use 
of the streams would involve elaborate and expensive works for artificial 
storage which, indeed, would generally be impracticable on account of 
the steepness of the basins and consequent lack of feasible sites for 
reservoirs. 

The condition of the ground when the snow cover is formed affects 
greatly the winter and spring run-off. If the snow falls on unfrozen 
ground the heat of the ground gradually melts the bottom layers of 
snow and the water passes into the ground. When the break-up comes * 
the ground is in condition to absorb a part of the water, thus reducing 
the surface flow to streams. On the other hand, if the snow falls on 
frozen ground comparatively little water flows into the ground, either 
by melting or during the winter or the break-up. The water derived 
from melting snow or from rain on frozen ground flows to the drainage 
channels with little delay or small loss, much as it would flow from the 
roof of a house . Such conditions are therefore conducive to severe freshets . 

The conditions of frost that may produce extreme floods also produce 
extremely low flows. Precipitation is stored as snow and thus prevented 
from reaching the streams or ground water. Part of the w’ater alrc'ady 
in the ground is frozen, and the only water reaching the streams is 
derived from that part of the ground water that is still available. In 
many sections of the country extremely low flows occur during the 
winter; in fact, in the colder parts of the country many small drainage 
basins are completely frozen, particularly in regions of small relief and 
shallow drainage channels. The following table ^ of low discharges 
illustrates this condition. 

The rate at which water stored as snow and ice finally passes into the 
streams depends largely on both the temperature and its variations. 
Sudden and well maintained rises in temperature release the 'water 
quickly and if at the same time there is additional precipitation in the 
form of rain, as there often is, excessive floods may occur. If, however, 
rises in temperature alternate with periods of frost, the water will be 
released slowly and may flow off with little or no flood. Such variations 
also allow more water to be absorbed by the ground than a change by 
which tbe water is suddenly released and flows off rapidly. Tlie same 
conditions of temperature that may produce spring freshets may there- 
fore also produce stages of extreme low water during the summer, 
whereas the conditions that produce ordinary spring flows tend to well- 
sustained summer flows. 

® See U. S. Geol. Survey Water Supply Paper No. o37. 
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RaiMl run-off, run-off in percentage ojravnfall, and lou, for the winter and 
^ the summer months, for the mean year.^ 


Station. 


Connecticut, at Orf ord, N. H. 
Housatonic, at GaylordsviUe, 

g-Qsqueiianiia, at Harrisburg, 


Pa.. 


Susqueii^na, "at Wiikes- 

ofi^at^T^eeUiig, - 

Potomac, at Point of Rocks, 

Sbe^ndoab, at 

James, at Cartersville, Va. 

Tames, at Buchanan, v a 

North (of James) Glasgow, 
Va 


e, at Roanoke, Va... 

e, at Randolph, Va, 


WiNTBR Months, 

D»o. TO Apr., Inclusive. 

Summer Months, 
Junk, July, August. 

■50 

o 



1 




1 



Rainfall. 

% 

1 

Percentage 
of run-off. 

1 

■eS 

1 

Percentage 
of nm*off . 

09 

09 

O 

a 

1 

B 

13.89 

11.19 

87 

1.70 

12.00 

3.87 

33 

8.13 

15.10 

17.80 

17.12 

96 

0.68 

16.02 

5.13 

82 

10.90 

18.48 

14.48 

18.58 

94 

0.90 

12.25 

3.86 

23 

9.40 

i 18.29 

14.47 

16.48 

114 

—3.01 

14.00 

2.74 

20 

11.26 

16.^ 

15.48 

1 16.38 

14.76 

15.16 

96 

93 

0.72 

1.07 

12.87 

12.61 

8.30 

3.13 

26 

25 

9.67 

9.49 

17.76 

19.02 

14.14 

9.14 

65 

5.00 

11.80 

2.44 

21 

9.86 

32.64 

14.38 

16.9{i 

15.9^ 

i 7.72 
. 10,76 
1 10.8'J 

1 54 

i 68 
' 66 

C.(>6 

6.19 

5.63 

12. 6C 
13.69 
12.87 

2.P0 

1 8.51 
’ 2.97 

22 

26 

28 

9.80 

10.18 

9.9C 

24.69 

24.77 

1 24.36 

16.8i 

16.8^ 

16.5( 

17.55 

) 9.W‘i 

r 9.8< 
3 9.8< 
5 9.55 

r 60 
) 59 

1 60 

J 54 

6.32 

6.08 

6.66 

8.00 

12.62 
14.36 
13. 4i- 
14. 6( 



) 2.98 

1 3.05 
i 3.63 
) 4.63 

23 

21 

27 

33 

9.71 

11.81 

9.8f 

9.9} 

L 24.77 
[ 26.60 

5 24.99 
^ 26.14 


> For the number of years records see tables on pp. 160-1®, 

The sadden b»Bng of the ieo cover of rivers will case iee flo«s 
iay tm at narrow points or on riffles, and thus create temporal^ 
ams beldnd which large quantities of water may be stored I .esc 
emporary dams produce abnormally high stages in the pools above 
hem and when they break the stored water is released and causes high 
Loel in the channel below. The effect of these dams is prolonge.l a.ul 

dir where snow or ice remains during all or a largf. part td th 
rind prirnarily on the t.fmperature of tlu. air - 

L* ffld.ls As a rule such stn.ams fluctuah. in stagt. .lady, th< 1. g 

luge cerr,,, ling tc the ,«,riod<,f greatoet ...eltiog «» vhowo lor K, Mgr 

River, Cal., by figure 88. 

WIND AND IIDMIDITY. 

Wind and humidity ailcct the uul «.« of rtroame thr„„gh th» 
,eZ on other eiimalie cnn.litionn, c.l,«ially on proc.,«lat,en an. 

"iu^teJn found that the n.ove.nent of air adjacent to a «rtac, o 



Uelation between minimum run-of 6/ Minnesota streams and precipitation in the drainage basins in the summer of 1910 and the winters of 1911 12 
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evaporation is one of the principal factors that determines the rate of 
evaporation. The distribution of precipitation is also determined to a 
considerable extent by the direction of prevailing winds. 

Wind affects the distribution of flow of streams that are fed by lakes 
and ponds. The quantity of water passing into the stream will vary 
with the intensity and direction of the wind, which may blow the water 
toward or away from the outlet. Wind generally has little effect on 
the velocity of water in a stream. 

VEGETATION. 

In considering vegetation with respect to its effect on stream flow, 
three types of vegetal cover should be recognized : 1 . Forest, either 
virgin or sizable second growth. 2. Brush of either perennial or annual 
plants, including small second growth. 3. Agricultural crops, native 
grasses and other small wild plants. The effects of these three types are 
similar and their influence extends both to the total run-off and the 
regimen of flow. 

Vegetation affects the total flow of a stream principally through its 
effect on evaporation and in a less degree by absorption in growing 
plants. In general, it decreases the total run-off. As shown in the 
tables on pp. 160-163, the monthly loss to the flow of a stream during the 
growing season amounts to about 3i inches in depth over the drainage 
area. Though many conditions contribute to this loss, vegetation is 
believed to be an important factor. 

Vegetation affects the regimen of a stream by delaying run-off in 
various ways. It increases ground storage because of the greater recep- 
tivity of a soil loosened and opened by roots and a surface covered with 
fallen leaves and litter. The roots and cover retard the flow of water 
over the surface and thereby promote the absorption of the water by 
the soil. The effect of forests on ground storage is therefore least on 
open, sandy soils, which would readily absorb water under all condi- 
tions, and greatest on heavy, compact soils and clays, which do not take 
up water easily. 

Vegetal cover is an important factor affecting the rate of melting of 
snow. In forest areas, especially in evergreens, the melting of snow is 
delayed and the delay may increase or decrease flood flows in accordance 
with other circumstances. If the winter is followed by a period in 
which temperatures are moderate and rainfall is small, the accumulated 
snow will tend to maintain the stream flow during the spring and 
summer months. On the other hand, if high temperatures and heavy 
rains prevail, the accumulated snows will be rapidly carried into the 
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streams and may cause disastrous floods. In fact, many serious floods 
have been due to this cause. An accumulation of snow in drifts tends 
to delay melting and prolongs spring run-off. Vegetation may be an 
important factor in the formation or prevention of drifts. 

The difference between • evergreen and deciduous forests or between 
large and small trees in their effects on ground storage are probably 
small. Young trees and bushes, or even cultivated crops and small 
wild growth, may produce approximately the same effects in this respect 
as virgin forests. In their effects on temperature and resultant evapo- 
ration, and especially on snow storage, forests differ greatly. Dense 
evergreen growths hold the snow longer than open or deciduous growths. 

It is doubtful whether vegetation commonly affects the flow of streams 
through its effect on rainfall. Although forested areas have ample rain- 
fall, it is believed that the forests exist because of this rainfall, rather 
than the converse. 

None of the many attempts that have been made to study the mag- 
nitude of the effects of forest on stream-flow has given satisfactory 
results. Such conclusions as are available on the subject are based on 
general observations rather than on measured difference in stream-flow. 
In order that observations may furnish decisive evidence on this sub- 
ject, it is necessary that they he made under similar conditions of 
climate, geology and topography, and that the only differences shall 
pertain to forestation . Such conditions are not readily found or pro- 
duced. The numerous published discussions in regard to the effect of 
forest on stream-flow are as a rule argumentative in character and fail 
in logical presentation of the subject. Indeed the possible effects of 
other influencing factors have seldom if ever been given adequate con- 
sideration. The relative effeci of vegetation will depend largely on the 
magnitude of tlie oth<ir factors that affect stream-flow and many irregu- 
larities in the run-off, attril)Utod to this cause, are probably due to other 
conditions. 

Vegetation has a, marked influence on streams and their character 
througli its effect on <!rosi()n in tlie ha, sin. Under similar conditions of 
soil tlie amount of silt (^a,rri(‘d in stn^ams variiis invm-sely with the 
extent and tytx^ of th<‘ v<‘g<‘ta,l (‘ovia-. Stre^ams c,a,rrying large quantities 
of silt, usually cha.ra-c,t(a'iz(‘d by shifting channels, are Kiss rea,dily avail- 
able for use, and a, re lia,bl(^ to ohstriK'tion and damage from Hoods. 

T()P( xatAPIIV. 

The direct effects of topography on stream How a-i)t)ea,r in the distri- 
bution or regimen of flow. Indirectly hy its effect on climate, topography 
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affects the total run-off. The topographic factors comprise (a) elevation 
of drainage basin; (b) slope of drainage basin; (c) slope of bed of 
stream; (d) shape of drainage basin; (e) direction of axis; and (f) 
lake and swamp areas. 

Mountain ranges, by intercepting the moisture and the clouds in the 
atmosphere, cause heavy precipitation on their summits and slopes, 
thereby decreasing the moisture available for precipitation beyond the 
range. The snow stored in mountainous areas is the principal source 
of the water of many western streams. The magnitude of the effect of 
snow storage on the summer flow will depend on the elevation at which 
the snow accumulates, and on the position of drifts with respect to slopes. 
For the same altitude the storage will produce the most lasting effect 
where the drifts accumulate on the north or other slopes that are little 
exposed to the sun. Drifts on southern slopes or at low altitudes melt 
more rapidly and have little effect in sustaining summer flow. 

The capacity for ground storage from which water may reach the 
streams depends on the volume of earth above the stream bed and is 
determined by the topography of the basin. A low, swampy area in 
which stream channels are shallow has a small ground-storage capacity 
and, consequently, little reserve for maintaining flow during periods of 
drought. Precipitation on such an area finds its way to the streams 
slowly because of small slopes and low velocities, and flood stages occur 
only after long periods of heavy precipitation. These conditions also 
favor maximum evaporation. 

The nature of ttie slopes of the basin and stream affects principally 
the distribution of ruii-off. Steep slopes discharge their water rapidly 
and as a rule store relatively small amounts of ground water. Flat and 
rolling areas, on the other hand, if pervious and sufficiently elevated 
above the stream beds to have large storage capacity, absorb much of 
the water that falls upon them and yield it up gradually. Rivers drain- 
ing steep slopes may therefore be “ flashy ” in character, whereas those 
that drain flat and rolling areas fluctuate less rapidly. 

The shape and size of a drainage basin affects decidedly the streams 
transversing it. The flow from basins which are so large that tliey have 
considerable range in latitude may be materially affected owing to the 
difference in the times at which the snow'S are melted. Rivers flowing 
southward may discharge the snow water without serious freshet, for the 
melting of the snows beginning in the southern part extends gradually 
toward the north. Rivers flowing northward, on the other hand, are 
more liable to freshets from the accumulation of water as the higher 
temperatures advance north, and to ice jams and consequent freshets 
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from backwater therefrom, because of the greater thickness and strength 
of the ice farther north. Rivers flowing east and west are more likely 
to have the same conditions of temperature throughout the whole basin 
and consequently an accumulation of water resulting from the melting 
of snow simultaneously in all tributaries. The shape of the basin, 
whether long or palmate, affects in a similar way the accumulation of 
freshet waters. The magnitude of these effects will not be large, except 
on long rivers because the time interval involved in changes in tem- 
perature throughout the basin will not ordinarily be great. 

The flow of large rivers that are fed by small streams whose combined 
drainage areas are large is generally more regular than that of streams 
draining small areas, as the diversity of climate, topographic, geologic 
and other conditions that affect flow averages the run-off resulting from 
the various tributary areas. 

The shape of the basin and the direction of its axis relative to the 
direction of motion of prevailing storms may be important factors in 
determining the magnitude of freshets.. The progress of storms in the 
same direction as the current of a stream rather than against it tends 
to augment the freshet discharges. 

Lakes and ponds affect stream-flow (1) by decreasing the total annual 
run-off, on account of the evaporation from their surfaces, and (2) by 
equalizing flow and making the discharge more regular. They are also 
imix)rtant in connection with the use of water on account of their availa- 
bility for artificial storage. Swamp areas affect the flow of streams, 
especially as regards their regimen, in much the same way as lakes 
and ponds. 


GEOLOGY. 

Aside from its effect on topography, which is a direct result of it, 
geology has an imiK)rtant influence on stream-flow in two ways; first, 
in the nature and d(V[)th of thci soil and, second, in the dip of the strata. 
It affects both the total run-off and the regimen. 

Sandy and otlan* porous soils afford maximum capacity for ground 
storage. Rain falling on sucli porous soils passes into the ground 
readily, losing a ininimum quantity l>y evaporation, and is retained 
there temporarily to he gradually ndeased to springs and rivers. An 
(‘xarnple of this efhict is shown l>y Loup River, which drains a sandy 
basin in Nebraska, and the Repuldican, which drains a less porous basin 
in the same State. The tal)les on p. 175 give tlie flow of these two 
streams for a typical year. Witlilacoochee, Silvin* Spring, and other 
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rivers in Florida are representative of streams draining sandy areas and 
having small fluctuations. 

Similarly, porous lava absorbs large quantities of water and later 
gives it up in springs or streams of well-sustained flow. Snake River 
in Idaho below Thousand Springs and Deschutes River in Oregon (see 
table on p. 175) are streams of this character. Streams in both sandy 
and lava areas derive their water mainly from springs and other forms 
of ground water flow and have comparatively few tributaries. 

Basins of bare rock, on the other hand, shed quickly the most of the 
water that falls upon them. Between the two extremes of rock and 
sand are all grades of clay, silt and loam, of varying depths, affecting 
very decidedly the regimen of the streams that drain them. 

The dip, hardness and porosity of the strata are often important on 
account of their effect on the courses of streams and on the concentra- 
tion of fall, and also on the amount of water absorbed by the ground to 
appear elsewhere as springs in the same or another drainage basin, or 
to be lost permanently to the ground, unless it is brought to the surface 
again by means of some deep well. 

GEOGRAPHIC LOCATION. 

Geographic location influences stream flow principally through its 
effect on climate and vegetation. The climatic conditions already de- 
scribed, which, in turn, determine the amount of vegetation, depend 
largely on geographic location, and their effect on stream flow has been 
discussed (pp. 155 to 171). 

THE WORKS OF MAN. 

In the industrial development of the water resources of the country, 
it is necessary to construct dams, dikes, diversion channels, and other 
works which have a large direct effect on the flow of streams. The 
operations in connection with agriculture, the construction of city im- 
provements, and the development of transportation also indirectly aff(^ct 
stream flow. 

Irrigation affects the total flow by creating additional water surfaces 
for evaporation and by losses in irrigation as only a part of the water 
diverted to the land returns to the stream. It affects the regimen by the 
regulating works, which may include storage reservoirs, by diversion 
during the irrigating season, and by promoting seepage or return waters 
that may appreciably augment the flow during the non-irrigating season. 

The use of a stream for power affects the total flow only by such in- 
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Monthly discharge of Loup River at Columbus, Nehr., for 1906. 

[Drainage area, 13,500 square miles.] 


Month. 

Discharge in second-feet. 

Total in 
acre-feet. 

1 Run-off. 

Rainfall 
depth in 
inches. 

Maximum. 

Minimum. 

Mean. 

Sec. -ft. per 
sq. mile. 

Depth in 
inches. 

April (8-30) .... 

16,100 

2,500 

5,580 

255,000 

0.413 

0,35 

5.47 

May 

25,000 

1,500 

4 590 

282,000 

.340 

.39 

2.89 

June 

4,800 

1,900 

2,890 

172.000 

.214 

.24 

2.06 

July 

7.900 

1.7u0 

2,780 

171.000 

.206 

.24 

2.74 

August 

11,600 

l.OuO 

3,120 

192,000 

.231 

.27 

3.52 

September 

7,400 

l,lo0 

2,600 

155,000 

.193 

.22 

2.94 

October 

7,100 

l,9u0 

3,280 

202.000 

.243 

.28 

3.12 

November (27 days) 

4,900 

2,o00 

3,090 

165,000 

.229 

.23 

.93 

The period . . . 

25,000 

1,000 

3,490 

1,590,000 

.259 

, 2.22 

23.67* 


• Total year, 27.03. 


Monthly discharge of Republican River near Bostwick, Nehr . , for 1906. 

[Drainage area, 23,300 square miles.] 


Month. 

Discharge in second-feet. 

Total in 
acre-feet. 

Run-off. 

Rainfall 
depth in 
inches. 

Maximum. 

Minimum. 

Mean. 

See.-ft. per 
sq. mile. 

Depth in 
inches. 

April (7-30) 

1,690 

480 

673 

32,000 

0.029 

0.03 


May 

5.130 

750 

1,610 

99,000 

.069 

.08 

1.87 

June 

750 

260 

466 

27,700 

.020 

.02 

2.02 

July (8-31) 

2,140 

210 

736 

35,000 

.032 

.03 

1 2.99 

August 

1 ,590 

260 

553 

34,000 

.024 

.03 

2.89 

September 

460 

150 

253 

15,100 

.011 

.01 

2.04 

October 

790 

170 

371 

22,100 

.016 

.02 

2.53 

November .... 

680 

525 

610 

36,300 

.026 

.03 

.67 

The period . . . 

5,1,80 

150 

659 

301,000 

1 .028 

.25 

19.93* 


* Total year, 28.47. 


Monthly discharge of Deschutes River at Benham Falls, near Bend, Oreg.,for the 
year ending Sept. 30, 1911. 


MoiiUi. 

Disehan 

Maxirnuni. 

^0 in second- 

Minirninn. 

-h^et. 

Mean, 

Run-off 
(total in 
acre-feet). 

October 

1,540 

1,420 

1,470 

90,400 

November 

1,600 

1,420 

1,490 

88,700 

December 

1,7H0 

1 .420 

1. .•)(>() 

95,900 

January 

1,540 

1.180 

1,420 

87,300 

February 

1,420 

1,240 

1 ,360 

75,500 

March 

1,540 

1 .240 

1,400 

86,100 

April 

1,670 

1,480 

1,570 

98,400 

May 

1,740 

1 ,(‘>00 

i,(;7o 

108,000 

June 

1,740 

1 ,600 

1,710 

102,000 

July 

1,600 

1,420 

1,500 

92,200 

August 

1 .420 

1 .3(>0 

1,380 

84,800 

September 

1,480 

1,860 

1,890 

82,700 

The year 

1,780 

1,180 

1,490 

i,oso,ooo 
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crease in evaporation as may result from increased water surfaces. Its 
eSects on the regimen will vary with the amount of storage utilized. 

By drainage, both surface and subsurface, the water from precipita- 
tion may be conducted more quickly to the streams, thus tending under 
some conditions to increase flood discharge and to decrease low- water 
discharge. It also diminishes the effect of evaporation if swamp areas 
are drained, thereby increasing the total flow. The effect of drainage 
on stream-flow has often been underestimated or overlooked. 

Diversion and storage works constructed for city water supplies and 
other purposes produce the same effect as that described for irrigation, 
power and drainage. The general effect of storage is to reduce the 
total flow by increasing evaporation and to modify the regimen generally 
by making the discharge more nearly uniform at all seasons. Diversion 
for use always diminishes the flow, the amount depending on the nature 
of the use and varying from the small losses in power plants to the 
large losses in irrigation. Water diverted outside of the basin is of. 
course a complete loss to that basin and a net gain to the basin to which 
the diversion is made. Works in and along the river channel, such as 
the building of dikes to prevent overflow and to improve navigation, 
the construction of wharves, bridge abutments, and piers, contract the 
natural channel and tend to increase the stage. These works have been 
important factors in increasing the damages resulting from many floods. 

In considering effects on stream flow little consideration has been 
given to the indirect effects of the works of man. The preparation of 
virgin land for agriculture may necessitate the clearing of timlxn* and 
other vegetation, leveling of the surface, and drainage, both surface and 
subsurface. Such preparation and the agricultural preparations that 
follow influence to a greater or less extent the run-off from the areas 
affected. In general, they affect the regimen. Conditions for more 
rapid run-off are created and greater fluctuations in discharge are 
promoted . 

The construction of city improvements and the development of trans- 
portation have an effect on stream flow similar to that resulting from 
agricultural operations. Conditions that promote rapid run-off, as 
discussed, tend to increase the total annual run-off. The works inci- 
dent to the development of a country have a further effect on streams 
in ])r()moting erosion, thereby increasing tlie quantity of silt to l)e car- 
ried, which may have an important effect on the characteristics of the 
stream. 
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FI/)ODS. 

The normal capacity of the channel of a stream is developed by natural 
processes and is adequate to carry the ordinary flow. Overflow of banks, 
or floods, will occur therefore only as a result of extraordinary condi- 
tions that bring to the channel a quantity of water in excess of its 
capacity. Such conditions may be (1) excessive rainfall, (2) rapid 
melting of accumulated snow, (y) failure of reservoirs, (4) forming and 
breaking of jams of logs, ice or other debris, (5) winda, or (6) tidal 
waves. 

The characterisiics of a flood, its stage and duration, may be affected 
favorably or unfavorably by many of tne works of man. Chief among 
those that have an unfavorable effect are bridge piers, abutments, em- 
bankments, buildings, or other structures that constrict the channel 
and decrease its capacity, and levees or other protective works built for 
holding the water in a definite cnannel but which when breached release 
the water and permit it to spread over the adjacent lowlands, In 
similar manner, any structure or development, such as drainage chan- 
nels, either surface or subsurface, highways, and improvements in stream 
channels that will shorten the time required for rain water to reach the 
streams, tends to increase floods, whereas structures or developments 
that will increase such time tend to decrease floods. 

All of the many conditions affecting stream flow, described in this 
chapter, affect also the stage and duration of floods. Chief among these 
is, of course, rainfall, and particularly its intensity. Cloud-bursts are 
especially disastrous on small basins, and, in fact, many of the most 
destructive floods Inive occurred on small streams after intense precipi- 
tation that produced an (‘xc(*sHive stage of short duration. 

The flood® of August 3, 1915, ou Mill Creek, at Erie, Pa., was of this 
character. Mill Crc^ik drains an area of 12.9 square miles, of such 
slopes and strata a.s to be favorabk^ to liigh run-off. After a month, in 
which tlio i)r(K‘/i^)itMtion wa.s lujarly 2 iiu'hes above normal, 5.77 inches 
of rain fell in 15 hours, producing a naixirnum discharge in tlie creek 
of about 11,()()0 v^<‘C()nd-f(‘,et, or at tlu^ rate of nearly 1,000 second-feet 
per square mile. 

Another flood of this characUu* occurred on January 1, 1910, in 
Meadow Valby Wash, N(‘vada.‘' This flood, resulting from a cloud- 
burst, washed out about 80 miles of the Ban Pedro, Los Angeles & Salt 
Lake R. R., and caused tlui railroad to Bus|)end operations for several 


®See Engineering News. Vol. 74, pp. :527 suul 9:i7, 1915. 
See Engineering News, Vol. 63, p. H3, 191U. 
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months. On a stream having a larger channel capacity, such quantities 
of water would have passed unnoticed. 

Floods on large rivers are generally caused either by (l) long con- 
tinued rainfall over a large area — perhaps at no point reaching great 
intensity — or (2) melting snows over a large area. These conditions 
will be aggravated if high temperatures or rainfall occur when there is 
considerable accumulated snow or if the surface of the ground is frozen. 
Flood stages under such conditions may be modified by many of the 
factors affecting stream flow already mentioned, of which storage 
capacity in the ground is among the most important. This factor may, 
however, be entirely eliminated by saturation of the ground or by an 
impervious frozen surface. The Ohio River flood of March, 1913,® is a 
good example of floods of this character. 

Floods caused by the failure of dams or by the breaking of ice gorges 
are often disastrous, on either large or small streams. Such floods 
usually occur as flood waves of great height and short duration, and as 
they may come without much warning are sometimes accompanied by 
the loss of many lives in the valley below. The Johnstown flood^ of 
May-June, 1889, and the Susquehanna River flood'" of March, 1904, 
illustrate fljods of this type. The Johnstown flood was due to excessive 
precipitation that caused the overtopping and failure of an earth dam 
resulting in a flood wave and great damage in Conemaugh Valley, espe- 
cially in the city of Johnstown, Pa. The same storm also produced a 
general flood in adjacent drainage basins, which reached record stages 
at many points. The Susquehanna flood was caused by the forming 
and breaking of ice jams at various places in the main river and its 
tributaries. 

As a rule, the damages resulting from a flood depend on the stage 
reached and will be largely independent of the duration of the stage. 
The many methods that have been proposed for controlling or prevent- 
ing floods may be reduced to two groups: (1) Those for Iiolding l)ack 
the water by reservoirs or other means. (2) Those for increasing cliannel 
capacity by levees or other structures. Either or both of tlu^se methods 
may be used, according to conditions on the stream to be regulated. 

Works for preventing floods or alleviating conditions produced l)y 
floods may cause damages at other localities not formerly subjeafl to 
floods. Plans for the improvement of such conditions should be so 
comprehensive as to include the consideration of all stretches of the 

^See tJ. S. Oeol. Survey, Water-Supply Paper No. :^34. 

^ See Engineering News, vols. 21 and 22, 1889. 

See U. S. Geol. Survey, Water-Supply Paper No. 109. 
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stream that may be affected, either directly or indirectly, by the pro- 
posed works. 

The following table, abstracted from Emil Kuichling’s discussion of 
"‘Flood Flows, contained in Transactions American Society Civil En- 
gineers, Vol. LXXVII, shows flood discharges in many streams. 

Extreme flood discharges. 


stream and locality. 


Drainage 
area in 
square 
miles. 

Maximum 
discharge in 
second-feet 
per square 
mile. 

702,380 

1.28 

225,000 

0.67 

205,750 

7.00 

171,570 

2.10 

56,900 

0.83 

44.070 

2.50 

25.000 

1.70 

24.030 

80.6 

23,800 

20.8 

22,300 

1.10 

21,382 

34.37 

15,400 

9.5 

13,640 

6.17 

10,400 

24.42 

9,654 

48.9 

7,700 

14.94 

7,500 

40.00 

6.855 

37.14 

4.500 

26.67 


( 63.78 


\ 63.37 

2,630 

8.02 

1.910 

55.00 

1 .570 

48.92 

1.535 

61.89 

1,320 

93.9 

1 ,220 

90.91 

1,047 

80.82 

900.0 

55.11 

806 

64.52 

779 

115.5 

675 

85.3 

544 

590.00 

427 

:I98.1 

395 

176.20 

372 

104.57 

263 

98.10 

239 

61.39 

210 

100.00 

159 

139.70 

14:! 

1 .:ioo.o 

91 

198.90 

44.0 

1,:I63.0 

22.0 

1,341 

20.0 

1,800 

5.0 

262.0 

3.50 

825.0 

2.00 

930.0 

0.25 

:!.2()0.0() 


Date of 
flood. 


Number of 
years ob- 
served. 


Mississippi Kiver, at St. Louis, Mo. . 
Colorado River, at Yuma, Ariz. . . . 

Ohio River, at Paducah, Ky 

Mississippi River, at Grafton 111. . . 
Platte River, near Columbus, Nebr. . 
Mississippi River, at Prescott, Wis. . 
Red River, at Grand Forks, N. D. . 
Susquehanna River, at Harrisburg, Pa. 
Ohio River, at Wheeling. W. Va. . . . 
Republican River, at Bostwick, Nebr. 
Tennessee River, at Chattanooga, 

Tenn 

Alabama River, at Selma, Ala. . . . 
Loup River, at Columbus, Nebr. . . . 
Sacramento River, at Red Bluff, Cal. 

Potomac River, at Point of Rocks, Md. 

Penobscot River, at Bangor, Me. . . . 
Savannah River, at Augusta, Ga. . . 
Delaware River, at Lambertville, N. J. 
Hudson Itiver, at Mechanicsville,N. Y. 

New River, at Radford, Va 

\Vi.sconsiiL River, at Merrill, Wis. . . 
American River, at Fair Oaks, Cal. . 
S. Fork Shenandoah River, near 

Front Royal, Va 

Catawba River, at Catawba, N. C. . . 
Chagres River, atOatun, Panama . . 
Yuba River, iit^ar Smarts ville, Cal. . 

Scioto River, at Columbus, O 

Schoharie (’reek, at Fort Hunter, N. Y, 
RariUin River, at Bound Brook, N. J. 
Chagres River, at Itoliio, Panama • . 
Little Tennessee River, at Judson, N.(J. 
Santa CaUirina Rivm’, at Monterey, 

Mex 

(thagres River, at Alhajuela, 1‘anama 
('alaveras R-iver, at Jenny Lind,(Jal. . 
W. Canada Oeek, at Hiiuikley, N. Y. 

Bear River, at Van Trent, ( ’al 

Esopus Creek, at Olive Bridge, N. Y. . 
Catskill Creek, atS, (Jairo, N. Y. . . . 
Rio Mora, below Mora, N. Mex. . . . 
Devil’s Oeek, near Viole, Iowa . . . 
Putah Creek, near Guenoe, Cal. . . . 
Elkhorn Creek, at Keystone, W. Va. . 
Cane Creek, at Bakersville, N. C. , . 
Willow Creek, near Heppnor, Ore. . . 
Mill Brook, at Sherburne, N. Y. ... 
Estanziiela River, near Monterey, Mex. 
Cheri’yvale Croe>k, at Cherryvale, 

Kaihs 

Beacon Brook, near Fi.shkill. N. Y. 


June, 1883 
June, 1909 
Feb., 1884 
June. 1883 
May 15, 1905 
April, 1881 
April. 1897 
June, 1889 
Feb. 7, 1884 
July 4 

Mar. 11, xuu/ 
Jan. 19, 1892 
June 6, 1896 
Feb., 1909 

June 2, 1889 

April 10, 1901 
Sept. 11. 1888 
Jan. 8, 1841 
Mar. 28. 1913 
Oct., 1900 1 
May, 1901 \ 
Sept. 16. 1903 
Mar., 1907 

Mar.. 1902 
May 23. 1901 
Dec. 28, 1909 
Jan., 1909 
Mar. 25. 1913 
Mar. 21, 1901 
Sept. 24, 1882 
Dec. 27, 1909 
Dec., 1901 

Aug. 27, 1909 
Dec. 2(5. 1909 
Jan,, 1911 
April 21. 18(59 
Mar., 1907 
April 2(5, 1910 
Spring, 1901 
Sept. 29, 190-1 
June 10, 1905 
Mar.. 1904 
June 22, 1901 
May 20. 1901 
June 14, 1903 
Sept. 4, 1905 
Aug. 28, 1909 


July 14, 1897 


6 (1880-85) 

11 (1902-12) 
6 (1880-85) 
6 (1880-85) 

12 (1895-06) 
6 (1880-85) 

31 (1882-12) 
41 (1865-05) 
22 (1884-05) 


15 (1889-06) 

35 (1875-09) 
66 (1840-05). 
120 (1786-1905) 
26 (1888-13) 

13 (189S-1U) 

4 (1902-05) 

9 (1904-12) 

8 (1899-06) 

10 (1896-05) 

20 (1891-13) 

10 (1903-12) 

Indefliiite 

16 (1898-13) 

96 (1810-05) 

20 (1894-13) 

15 (1896-10) 

Indefinite 
20 (1894-13) 

6 (1907-12) 

45 (1860-13) 

9 (1904-12) 

7 (1906-12) 


3 (1904-00) 
Indefinite 
Indefinite 
Indefinite 
Indefinite 
Indefinite 

Indefinite 
18 (1896-13) 


(16) 

( 3 ) 

(16) 

(16) 

(8) 

(16) 

(14) 

(1) 


(7) 

( 1 ) 

( 1 ) 

( 21 ) 

(13) 

(9) 

(5) 

( 10 ) 

(19) 
(18) 

(5) 

( 22 ) 

( 21 ) 

( 1 ) 

(18) 

(12) 

( 20 ) 
(18) 

( 4 ) 
( 21 ) 

(5) 
( 0 ) 

( 16 ) 

( 2 ) 

( 1 ) 

( 5 ) 

( 19 ) 

(19) 
( 11 ) 

( 1 ) 

( 20 ) 

( 17 ) 
( 15 ) 
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Authorities: Water-Supply Papers of the United States Geological Sur- 
vey, as follows: 

(1) No. 162; (2) No. 147; (3) No. 300; (4) No. 299; (5) No. 298; 
(6) No. 281; (7) No. 279; (8) No. 230; (9) No. 156; (10) No. 192; 
(11) No. 96; (12) No. 76; (13) Virginia Geol. Survey, Bulletin III, 
Hydrography; (14) Minnesota State Drainage Com. Report for 1912; 
(15) Report of New York State Engineer for 1902; (16) Report on Reser- 
voirs in Wyoming and Colorado, 1898; (17) Trans. Am. Soc. C. E., 
Vol. LIV, p. 200; (18) Trans. Am. Soc. C. E., Vol. LXXVI, p. 871; 
(19) Engineering News, Vol. 48, p. 104; (20) Engineering News, Vol. 
62, p. 315; (21) Engineering Record, Vol. 67, p. 399; (22) Engineering 
Record, Vol. 67, pp, 444 and 592. 

A general discussion of destructive floods in the United States may be 
found in U. S. Geol. Survey Water-Supply Papers Nos. 96, 147, 162, 
and 334. No. 162 contains an index to flood literature. Many refer- 
ences to flood literature are also given in Appendix 7 of the Report of 
Flood Commission, Pittsburgh, Pa. 


LOW WATER. 

Records of minimum discharge are important in connection with 
all uses of water where storage is not available. The minimum flow of 
a stream ordinarily depends on rainfall and ground storage. Availalde 
ground water and lake storage, in the absence of precipitation, is fre- 
quently the controlling factor in determining low-water flow. In many 
sections the low water occurs during the winter months, as at that time 
the precipitation may be in the form of snow and is not available to 
replenish the streams until spring. At such time, also, the frost in the 
ground and the ice on the surface of the streams and lakes liolds back 
water that otherwise would be discharged. The table on p. 169 illus- 
trates the differences in low- water flow in summer and winter and in 
streams with and without lake storage. The effect of frost on low-water 
flow is greatest in a relatively flat country where drainage channels are 
shallow and mucli of the ground water may be frozen . Lake storage, eitlier 
natural or artificial, is an important factor in maintaining the low-water 
flow, as illustrated in the table on p. 169, by Minnesota River at Man- 
kato and the Mississippi at Anoka, and other streams. 

Streams that drain areas that afford conditions favorable for rapid 
run-off are subject to extremely low as well as extremely high water. 



Pig* 37,— Common hydrographs of typical streams. 
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Authorities: Water-Supply Papers of the United States Geological Sur- 
vey, as follows: 

(1) No. 162; (2) No. 147; (B) No. 300; (4) No. 299; (5) No. 298; 
(6) No. 281; (7) No. 279; (8) No. 230; (9) No. 156; (10) No. 192; 
(11) No. 96; (12) No. 75; (13) Virginia Geol. Survey, Bulletin III, 
Hydrography; (14) Minnesota State Drainage Com. Report for 1912; 
(15) Report of New York State Engineer for 1902 ; (16) Report on Reser- 
voirs in Wyoming and Colorado, 1898; (17) Trans. Am. Soc. C. E., 
Vol. LIV, p. 200; (18) Trans. Am. Soc. C. E., Vol. LXXVI, p. 871; 
(19) Engineering News, Vol. 48, p. 104; (20) Engineering News, Vol. 
62, p. 315; (21) Engineering Record, Vol. 67, p. 399; (22) Engineering 
Record, Vol. 67, pp. 444 and 592. 

A general discussion of destructive floods in the United States may be 
found in U. S. Geol. Survey Water-Supply Papers Nos. 96, 147, 162, 
and 334. No. 162 contains an index to flood literature. Many refer- 
ences to flood literature are also given in Appendix 7 of the Report of 
Flood Commission, Pittsburgh, Pa. 


LOW WATER. 

Records of minimum discharge are important in connection with 
all uses of water where storage is not available. The minimum flow of 
a stream ordinarily depends on rainfall and ground storage. Available 
ground water and lake storage, in the absence of precipitation, is fre- 
quently the controlling factor in determining low-water flow. In many 
sections the low water occurs during the winter months, as at that time 
the precipitation may be in the form of snow and is not available to 
replenish the streams until spring. At such time, also, the frost in the 
ground and the ice on the surface of the streams and lakes holds hack 
water that otherwise would be discharged. The table on p. 169 illus- 
trates the differences in low-water flow in summer and winter and in 
streams with and without lake storage. The effect of frost on low- water 
flow is greatest in a relatively flat country where drainage channels are 
shallow and much of the ground water may be frozen . Lake storage, either 
natural or artificial, is an important factor in maintaining the low-water 
flow, as illustrated in the table on p. 169, by Minnesota River at Man- 
kato and the Mississippi at Anoka, and other streams. 

Streams that drain areas that aflord conditions favorable for rapid 
run-off are subject to extremely low as well as extremely high water. 



Fig, 37,— Common hydrographs of typical streams. 


181 


HYDROLOGY AS RELAXED TO STREAM PLOW. 


Second -feet Second-feet 




182 


RIVER DISCHARGE. 


TYPES OF STREAMS. 

Streams may be grouped, in accordance with their regimen, into four 
classes. The characteristics of each class depend on the climate and 
correspond to various geographic locations, as shown in figure 37, which 
gives hydrographs of typical streams. 

Streams in the northeastern part of the United States are typified by 
Kennebec River, Maine. Their low-water flow generally occurs during 
the summer (growing) and winter (frozen) months, and is broken only 
by occasional rises caused by heavy rains ; their high waters occurring 
during the spring months are caused by rains and melting snows. Occa- 
sional high waters occur during periods of excessive rain in the autumn 
and of high tempera^ture in the winter. 

Streams in the western part of the United States, draining moun- 
tainous areas and fed by melting snows, have pronounced periods of 
high and low water. High water usually begins in April and continues 
until July, and is caused by melting snow and ice. The high water is fol- ‘ 
lowed by gradual decrease in stage until the flood period of the next 
year, though occasional minor rises result from local rains. Grand 
River, Colorado, is typical of these streams. 

Streams in the southeastern part of the United States, of which Yad- 
kin River, North Carolina, is typical, have no defined periods of high 
or low water. High waters may occur at any time, depending on pre- 
cipitation, and are of short duration. 

Streams in the arid west, where the rainfall is usually insufficient to 
satisfy evaporation and other losses, of which Solomon River, Kansas, 
is typical, derive their flow from occasional heavy rains that may occur 
at any season. 

These classes are intended to illustrate only general characteristics 
and are subject to many minor variations. 

Streams may lae further classified according to their daily fluctuations, 
as shown by the graphs made by water-stage recorders, figure; 38. 

Unregulated streams where conditions are not favorable for rapid 
run-off , rise and fall slowly with no sliarp changes in stage;. Sae;anelaga 
River, New York, is a stream of this type. 

Unregulated streams draining are'a in wdiich conditions favor rapiel 
run-off show sharp changes in stage w^hich may follow each other in 
rapid succe 3 ssie)n. An illustration is a.ffe>releel by ()cce)quan Creek, 
Virginia. 

Snow-fed streams, such as Kings River, California, have a pronounced 
daily fluctuation, depending on temperature changes. 



Gage height in feet 
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Fi«. 38. — Fluctuation in stage of typical streams. 
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Streams used for power, illustrated by Quaboag River, Mass., have 
relatively large daily fluctuations below the power plant, which may be 
regular or irregular, depending on variations in the power load. In 
fact, the stage follows the load closely when the total flow of the stream 
is utilized. 


CONOLU8IONS. 

In the preceding discussion of conditions affecting stream flow it has 
been possible to make only general statements. The conditions are so 
many and varied that it is difficult to make quantitative measurements 
of effect for purposes of investigating any one factor. If dependable 
results are to be obtained, a broad study of cause and effect is necessary. 
Erroneous and cohflicting conclusions have been reached by many in- 
vestigators for the following reasons: (1) Only a part of the many 
factors entering the problem have been considered; (2) Cause and 
effect have been confused; for example, forests are often cited as a 
cause of rainfall, although they are probably only a result of rainfall; 
(3) It has been assumed that if certain causes operate under certain 
conditions they will operate in a similar manner under other conditions. 

These fundamental errors in assumptions have led to many misin- 
terpretations. Simple statements of conditions affecting stream flow 
can not, from the nature of these conditions, be made. 

A systematic study of the nature of the effects of the various factors 
and of the changes that have taken place in stream flow during the past, 
requires actual records of flow extending over several decades and infor- 
mation in regard to the conditions and changes affecting flow. As such 
data are not available, any conclusions that may now be drawn are 
largely speculative. Tlie testimony of the “ oldest inha, l)itant ” has 
generally been found l>y experience to be unreliable and of little value. 
It should l)e recognized also that tlie discharge of a stream is excu^edingly 
variable. A comparison of yearly means with the mean for a long 
period of years shows large [)ercentage variations. Therefore the effect 
of any factor must he large if it is to be rt^cognized. The (liflbr(‘n(*(\s in 
viewpoint and the various ways of analyzing and using the data proha- 
l)ly account largely for the differences of opinion as to th(^ efF(‘Ct of the 
various factors on stream flow. Engineers collecting and using stri'.a, in- 
flow data sliould, as occasion permits, make systematic studi(;s of the 
problems involved, in order that these important conditions, so greatly 
affecting one of the principal liranclies of their profession, may in time 
be thoroughly understood and evaluated. 
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There are available a large number of tables for facilitating the com- 
putations in various hydraulic problems. It is often necessary, how- 
ever, for the engineer to prepare special tables adapted to the problem 
in hand. Among the tables available are a number having wide appli- 
cation, which are given on the following pages. 

These tables have been adapted from Water-Supply Papers of the 
U. S. Geological Survey. 

In connection with the use of these tables attention is called to 
Barlow^s tables and to Crelle’s Rechentafeln. The former tables give for 
numbers from 1 to 10,000 the squares, cubes, square roots, cube roots, 
etc. The latter give products of all numbers between 1 and 1000, and 
can be used both for multiplication and division. 

LIST OF TABLES. 

Table I. Discharge in second-feet over rectangular sharp-crested weirs having 
complete end contractions. 

[Formula: 6=3 .33 (Z ~ .2i0 

Table II. Discharge in second-feet per foot of crest over rectangular sharp- 
crested weirs without end contractions. 

[Formula: 6=3 .33 Zil^] 

Table III. Discharge in second-feet per foot of crest length for certain broad- 
crested weirs. 

[Formula: 6=2 .64 Z 

Table IV. Discharge in second-feet per foot of crest over sharp-crested rectan- 
gular weirs without end contractions. 

[Formula: Q=(0 .405 +-5^) (1+0 .55 ^^;^^^, IH +2^] 

Table V. Multipliers to be used in connection with Table IV to obtain the 
discharge over broad-crested weirs of rectangular cross-section of type a, Fig. 39. 

Table VI. Multipliers to be used in connection with Table IV to obtain the 
discharge over broad-crested weirs of trapezoidal cross-section of types b and c, 
Fig 39. 

Table VII. Multipliers to be used in connection with Table IV to obtain the 
discharge over broad-crested weirs of compound cross section of types d to m in- 
clusive, Fig. 39. 

Table VIII. Three-halves powers of numbers. 

Table IX. For converting discharge in second-feet per square mile into run- 
off in depth in inches over the area. 

Table X. For converting discharge in second-feet into run-off in acre-feet. 

Table XL For converting discharge in second-feet per day into run-off in millions 
of gallons. 

Table XII. For converting run-off' in millions of gallons into discharge in 
second-feet per day. 

Table XIII. For converting run-off in acre-feet into run-off in million gallons. 

Table XIV. For converting run-off in million gallons into run-off in acre-feet. 

Table XV. Values of c for use in the Che^ fomiula: L =c vPs. 

Table XVI. Square roots of numbers ( VR, Vs) for use in Kutter’s formula. 

Table XVII. Convenient equivalents. 
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TabU I.— Discharges in second-feet, over rectangular sharp-crested weirs having 



Length of weir. 


44 L 


.458 . 

45 
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.02000 

.62566 

.03000. 0350 O.C 

.0275 

.0367 

.0459 

.0651 

.0643 .( 

.0422 

.0564 

.0706 

.0847 

.0989 .] 

.0690 

.0788 

.0986 

.118 

.138 .] 

.0774 

.103 

.129 

.155 

.181 .1 

.0974 

.130 

.163 

.196 

.229 . 

.119 

.159 

.199 

.239 

.279 

.142 

.189 

.237 

.285 

.333 . 

.166 

.222 

.278 

.334 

.389 . 

.191 

.255 

.320 

.385 

.449 . 

.217 

.291 

.364 

.438 

.511 . 

.244 

.327 

.410 

.493 

.676 . 

.273 

.865 

.458 

.551 

.644 . 

.302 

.405 

.508 

.611 

.714 . 

.332 

.446 

.559 

.672 

.786 . 

.364 

.488 

.612 

.736 

.860 . 

.395 

.531 

.666 

.801 

.936 1. 

.428 

.575 

.722 

.868 

..015 1. 

.462 

.620 

.778 

.937 

1.096 1, 

.496 

.667 

.837 

1.007 

1.178 1. 

.531 

.714 

.897 

1.079 

1.262 1. 

.567 

.762 

.958 

. 153 

1.348 1 

.604 

.812 

1 .021) 

1 . 228 

1.436 1 

.641 

.862 

1 .08:1 

I . 305 

1.526 1 

.679 

.913 

1 . 148 

1 .383 

1.617 1 

717 

.956 

1.214 

1 .462 

1.711 1 

. 756 

1 .018 

1.281 

1 . 543 

1.805 2 

.796 

1 .072 

1 .349 

1 . 625 

1 . 902 2 

.836 

1 . 127 

1 .418 

1 . 709 

2.000 2 

.877 

1 . IKi 

1 .488 

1 . 794 

2.099 2 

.910 

1 . 239 

1 . 559 

1.880 

2.200 2 

.961 

1.296 

1 . 632 

1 . 907 

2.303 2 

I .0 )3 

1 .354 

1.705 

2,056 

2.407 2 

1 .046 

1.413 

1 . 779 

2 . 146 

2 512 2 

1.09 ) 

1 .172 

1 . 854 

2 2:i7 

2.619 3 

1 131 ' 

1 . 532 

1 .931) 

2 329 

2.727 3 

1 178 

1 . 59:1 

2.008 

2 422 

2.837 3 

1.221 

1 . 655 

2 086 

2.517 

2.949 3 

I . 269 

1.717 

2, 164 

2.612 

3 060 3 

1 .315 

1 779 

2.244 

2 , 709 

3 174 3 

1 361 

1 8 Ol 

2 .324 

2.806 

3,288 

1 1)7 

|1 9:)6 

2 405 

2 . 904 

3 494 3 

1 155 

1 97 1 

2 4HH 

[3 , 005 

:i 52 1 4 

1 5)2 

2 9.37 

2 .571 

i:i , 105 

3 640 1 

1 .5.50 

2 Kl.'l 

:i 255 

3 207 

3.760 4 

1 .590 

2 179 

2 740 

:i .310 

3,881 1 

1 «i49 

2 2: 17 

2 826 

:i 41 5 

4 09:; 4 

1 el97 

2 ;i9t 

2 912 

3 519 

4 1 26 4 

1 717 

2 372 

2 999 

.3 624 

4 250 4 

1 798 

2 4 12 

;; 9,87 

3 7:12 

4 :i77 ! 

1 818 

2 ,511 

17.5 

8:2.) 

4 .50:; : 

1 898 

2 .581 

;; 261 

3 9 17 

4 o;io .' 

1 919 

2 (V.5..’ 

3 :;.5i 

4 957 

1 759 i 

2 001 

2 72:; 

44.5 

4 167 

1 889 .' 

2 

2 79.5 

3 5.'; 6 

4 378 

5 02(1 i 

1 2 196 

2 S67 

5 629 

1 :;9i 

5 15:; i 

’ ? 1 .58 

2 019 

i 7 '2 . : 

1 51 ) 1 

5 286 ( 

) 2 219 

;i 0 12 

4 8 1.5 

1 617 

5 119 1 

2 26:; 

08.5 

; 908 

1 7:;i 

5 554 1 

Ij ;{i)> 

;; 169 

1 no;; 

1 8 16 

5 090 1 

2 .379 

2;; i 

l 90S 

1 96.-; 

5 827 1 

2 12.3 

;; ;;ii8 

1 10:; 

,5 979 

5 96 1 

2 4 77 

;;8i 

1 209 

5 196 

6 10.3 

2 586 

1 .3 .5;:. 5 

1 181 

5 4:;;; 

6 :i8:; 

2 697 

■ f)S9 

1 1 682 

5 6.7 1 

6 , 667 

2 S’ IS 

i ;; sn 

1 , SS 1 

5 9 1 S 

6.9.55 

2 , 91*. 

) 1 091 

5.9S2 

: 6 . 1 64 

7.245 


1 :;2(i 

1 5.402 

! (4.66)5 

1 7.838 


4 fill 

5 9 1 1 

7,177 

' 8.444 


.348 


.747 


.068 


638 
, 770 
.903 
.038 
1 74 
.312 
,461 
692 
, 73.3 
876 

021 
166 
313 
I 461 

I (>1 1 

, 762 
.914 


,009 
, 3.32 


'.991 


0.0450 

.0821 

.127 

.178 

.233 

.294 

.359 

.428 

.501 

.678 

.659 

.742 

.829 

.919 

1.012 

1.108 

1.206 

1.308 

1.412 

1.518 

1.627 

1.739 

1.852 

1.968 

2.087 

2.207 

2.330 

2.455 

2.581 

2.710 

2.841 

2.974 

3.109 

3.245 

3.384 

3.524 

3.666 

3.811 

3.956 

4 . 103 
4 . 252 
4.402 
4.555 
4.708 
4 . 864 
5.021 
5.181 
5.540 
5.302 

5 6f>6 
5.830 
5.996 

6 . 1 64 
6.333 
6 . 504 
6 . 676 
6.849 
7.023 

7. 199 

7 . 376 
7 555 
7 , 734 
7 915 
8.281 
8.652 
9.028 
9.408 
10.184 
10.977 
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complete end contractions. [Formula Q = 3.33 {I — .2H) if a]. 


Length of weir — Continued. 

Addition for 
increase of 
length. 
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0 . 00029 


1 

0.0500 

0.0600 

6.0766 

0.0800 

0.0900 

0.100 

6.120 

0.140 

o.ieo 

6. iso 

6.266 

.00083 

U • 

.01001 

9; 

-0918 

.110 

.129 

.147 

.166 

.184 

.221 

.258 

.294 

.331 

.368 

.00153 

0184 

3 

-141 

.170 

.198 

.226 

.255 

.283 

.340 

.396 

.453 

.510 

.566 

.00236 

0283 

4 

198 

,237 

.277 

,316 

.356 

.395 

.475 

.554 

.633 

.712 

.791 

.00330 

J1396 

5 

.260 

.312 

.364 

.416 

.468 

.520 

.624 

.728 

.832 

.936 

1.040 

. 00433 

J)5k) 

6 

.327 

.392 

.458 

.524 

,589 

,655 

.786 

.917 

1.048 

1.179 

1.310 

.00546 

06.56 

7 

.399 

.479 

.559 

.640 

.720 

.800 

.960 

1.120 

1.280 

1.441 

1.601 

.00667 

0801 

8 

-476 

.572 

.667 

.763 

.859 

.954 

1.145 

1.337 

1.528 

1.719 

1.910 

. 00796 

.0956 

9 

.557 

.669 

.781 

.893 

1.005 

1.117 

1.341 

1.565 

1.789 

2.013 

2.237 

.00933 

.112 

10 

.643 

.772 

.901 

1.030 

1.160 

1.289 

1.547 

1.805 

2.064 

2.322 

2.580 

.0108 

.129 

11 

.732 

.879 

1.026 

1.174 

1.321 

1.468 

1.762 

2.057 

2.351 

2.645 

2.940 

.0123 

. 147 

12 

.825 

.991 

1,157 

1.323 

1.489 

1.655 

1.967 

2.319 

2.650 

2.982 

3.314 

.0138 

.166 

13 

.922 

1.107 

1.293 

1.478 

1.664 

1.849 

2.220 

2.591 

2.962 

3.333 

3.704 

.0155 

.185 

14 

1.022 

1.228 

1.433 

1.639 

1.845 

2.050 

2.462 

2.873 

3.284 

3.696 

4.107 

.0171 

.206 

15 

1.125 

1.352 

1.579 

1.80C 

2.032- 

2.258 

2,711 

3.165 

3.618 

4.071 

4.524 

.0189 

.227 

16 

1.232 

1.480 

1.728 

1.976 

2.225 

2.473 

2.969 

3.465 

3.962 

4.458 

4.954 

.0207 

.248 

17 

1.342 

1.612 

1.882 

2.153 

2.423 

2.693 

3.234 

3.775 

4.316 

4.856 

5.397 

.0225 

.270 

18 

1.455 

1.748 

2.041 

2.334 

2.627 

2.921 

3.507 

4.093 

4.680 

5.266 

5.853 

.0244 

.293 

19 

1 . 570 

1.887 

2.203 

2.520 

2.837 

3.153 

3.787 

4.420 

5.053 

5.686 

6.320 

.0264 

.317 

20 

1.689 

2.029 

2.370 

2.711 

3.051 

3.392 

4.074 

4.755 

5.436 

6.118 

6.799 

.0284 

.341 

21 

1.810 

2.175 

2.540 

2.906 

3.271 

3.636 

4.367 

5.098 

5.828 

6.659 

7.290 

.0304 

.365 

22 

1.934 

2.324 

2.715 

3.105 

3.496 

3.886 

4.667 

5.448 

6.229 

7.010 

7.792 

.0325 

.391 

23 

2.060 

2.477 

2.893 

3.309 

3.725 

4 . 142 

4.974 

5.807 

6.639 

7.472 

8.304 

.0347 

.416 

24 

2.190 

2.632 

3.075 

3.517 

3.960 

4.402 

5.287 

6.172 

7.058 

7.943 

8.828 

.0369 

.443 

25 

2.321 

2,791 

3.260 

3 . 729 

4.199 

4.668 

5.607 

6.546 

7.484 

8.423 

9.362 

.0391 

.469 

26 

2.455 

2.952 

3.449 

3.946 

4.442 

4.939 

5.932 

6.926 

7.919 

8.913 

9.906 

.0414 

.497 

27 

2.592 

3.117 

3.641 

4.166 

4.690 

5.215 

6.264 

7.313 

8.362 

9.411 

10.460 

.0437 

.525 

28 

2.731 

3.284 

3.837 

4.390 

4 . 943 

5.495 

6.601 

7.707 

8.813 

9.918 

11.024 

.0461 

.553 

29 

2.872 

3.454 

4.036 

4.617 

5.199 

5.781 

6.944 

8.108 

9.271 

10.435 

11.598 

.0485 

.582 

30 

3.016 

3.627 

4.238 

4.849 

5.460 

6.071 

7.293 

8.515 

9.737 

10.960 

12.182 

.0509 

.611 

31 

3.162 

3.802 

4.443 

5.084 

5 . 725 

6.366 

7.648 

8.929 

10.211 

11.493 

12.774 

.0534 

.641 

32 

3.310 

3.981 

4 . 652 

5.323 

5.994 

6.665 

8.007 

9.350 

10.692 

12.034 

13.376 

.0559 

.671 

33 

3.460 

4.161 

4.863 

5.565 

6.267 

6.969 

8.373 

9,776 

11.180 

12.584 

13.988 

.0585 

.702 

34 

3.612 

4.345 

5.078 

5.811 

6.544 

7.277 

8.743 

10.209 

11.676 

13 . 142 

14.608 

.0611 

.733 

35 

3.766 

4.531 

5.296 

6 . 060 

6.825 

7.590 

9.119 

10.648 

12.178 

13 . 707 

15.237 

.0637 

.765 

36 

3 . 922 

4.719 

5.516 

6.313 

7.110 

7.906 

9 . 500 

11 .093 

12 . 687 

14 . 281 

15.874 

.0664 

.797 

37 

4.081 

4.910 

5.739 

6.569 

7.398 

8.227 

9.886 

11.545 

13.203 

14 . 862 

16.520 

.0691 

.829 

38 

4.242 

5.104 

5.967 

6.829 

7.691 

8.553 

10.278 

12.002 

13.727 

15.451 

17.176 

’ .0719 

.862 

39 

4.404 

5.299 

6.195 

7.090 

7.986 

8.882 

10,673 

12.464 

14.256 

16.047 

17.838 

.0747 

.896 

40 

4.568 

5.497 

6.427 

7 . 356 

8 . 285 

9.215 

11.074 

12.933 

14.791 

16 . 650 

18.509 

.0775 

.929 

41 

4.733 

5 . 697 

6.661 

7.624 

:8.588 

9.551 

11 .479 

13 .406 

15.333 

17.260 

19.187 

.0803 

.964 

42 

4.901 

5 . 899 

6.897 

i7.895 

|8.894 

1 9.892 

11.888 

13 .885 

15.881 

17.877 

19.874 

.0832 

.998 

43 

5.071 

6. 105 

7 . 138 

|8, 171 

9 . 204 

10.238 

12.304 

14.371 

16.438 

18 . 504 

20.571 

.0861 

1.033 

44 

5.243 

6.312 

7 . 380 

H.449 

9.518 

10.586 

12.724 

14 .861 

16.999 

19.136 

21.273 

.0891 

1.069 

45 

5.416 

6.521 

7.626 

8 , 730 

9 . 835 

10.939 

13.149 

15 .358 

17.567 

19 . 776 

21.985 

.0921 

1.105 

46 

5 . 592 

6.733 

7 . 87:i 

9,014 

10.155 

11.295 

13 . 577 

15 .858 

18.140 

20.421 

22 . 702 

. 0951 

1.141 

47 

5.769 

6.947 

8.124 

9.301 

10.478 

11.656 

14.010 

16 .365 

18.720 

21.074 

23 . 429 

i .0981 

1.177 

48 

5.948 

7.162 

8 . 376 

9,591 

110.805 

12.020 

14.448 

16 .877 

19.306 

21.735 

24.164 

! .101 

1.214 : 

49 

6.128 

7.380 

8.631 

9 . 883 

11.135 

12.386 

14 . 890 

17 .393 

19.897 

22 . 400 

24 , 903 

.104 

1 . 252 

50 

6.311 

7 . 600 

S . 889 

10. 179 

11.468 

12.758 

15 . .336 

17.915 

20.494 

23 . 073 

25 , 6.52 

,107 

1.289 

51 

6.494 

7.822 

9. 149 

10,477 

1 1 . 804 

13.132 

15.787 

18.442 

21 .097 

23 . 752 

26.407 

. Ill 

1.328 

52 

6 , 679 

8.045 

9.411 

10.777 

12,143 

13 . 509 

16.241 

18.973 

21 .705 

24 . 437 

27.169 

1 .114 

1.366 

: 53 

6 . 866 

8.271 

9 . 676 

11.081 

12.485 

13 ,8',)0 

16.700 

19.509 

22.319 

25.129 

27.938 

.117 

1 .405 

,54 

7.055 

8.500 

9 . 944 

1 1 . 388 

1 2 8.32 

14.276 

17.164 

20 . 052 

22.941 

25.829 

28.717 

.120 

1.444 

j55 

7 . 245 

8.729 

1(),2!3 

1 1 . 696 

13 . 180 

11 663 

17.631 

20 . 598 

23 . 565 

26.532 

29.499 

.124 

1.484 

1 56 

7.438 

8 . 962 

10.485 

12,009 

13,532 

15.0.56 

18.103 

21 .150 

24.197 

27 . 244 

30.291 

.127 

1.524 

57 

7.631 

9. 195 

10.759 

1 2 'J23 

1.3 ,886 

15.450 

18,578 

21 .705 

24.833 

27.961 

31.088 

. 130 

1 .564 

58 

7.826 

9.430 

n ,034 

1 2 , 639 

1 4 . 243 

15. 8481 19. 056 

22 . 265 

25.474 

28.683 

31.892 

.134 

1.604 

59 

8.022 

9.667 

11,312 

12.958 

14 .603 

16.249:10.539 

22.830 

26.121 

29.412 

32.703 

.137 

1.645 

60 

8.220 

9 . 907 

1 1 , 593 

13.280 

1 4 . 967 

16.653:20.027 

23 , 400 

26.774 

30.147 

33 . 520 

.141 

1.687 

61 

8.419 

10.148 

11.876 

13.604 

1 5 . 332 

17.061120.517 

23.974 

27.431 

30.887 

34.344 

.144 

1.728 

62 

8.619 

10,390 

12.160 

13.930 

15.700 

17.471 

21.011 

24.552 

28.093 

31.633 

35.174 

.148 

1.770 

63 

8.821 

10.634 

12.447 

14 . 259 

1 6 . 072 

il7.884'21.51( 

25 . 135 

28.760 

32.385 

36.010 

.151 

1.813 

i 64 

9 . 230 

11.128 

13.026 

14.924 

16.823 

18.72: 

22.517 

26.314 

30.110 

33 . 906 

37.703 

.158 

1.898 

1 

9.645 

11.630 

'13.615 

1 15. 600 

1 17.586 

19.57i;23.541 

27.512 

31.482 

35.452 

39.423 

.165 

1.985 

66 

10.065 

12.138 

14.211 

16.285 

1 18 . 358 

20. 43 2! 24. 578 

28 . 725 

32.872 

37.019 

41.166 

.173 

2.073 

67 

10.490 

112.653 

i 14.815 

>16.978 

> 19.141 

2 1.30425. 630'29. 956 

34.282 

38.607 

42.933 

.180 

2.163 

68 

1 1 . 35G 

1 13 . 702 

116.048 

118.393 

: 20 . 739 

23.084i27.776'32.467 

37. 158 41. 84? 

46.540 

.196 

2.346 

69 

12.244 

: 14.777 
1 

’17.31C 

119.843 

22.377 

24. 910i29. 976135. 043 

40.10945.175 

50.242 

.211 

2.533 

70 



190 


KIVJKJR DISCHARGE. 


Table IL — Discharge in second-feet per foot of crest over rectangular sharp-crested 
weirs without end contractions. 

Formula: 0=3 .33 I H’l 


Head 

jgr, feet. 

.00 

.01 

.02 

.03 

.04 

,05 

.06 

.07 

.08 

.09 

0.0 

0.0000 

0.0033 

0.0094 

0.0173 

0.0266 

0.0372 

0.0489 

0.0617 

0.0763 

0.0899 

.1 

.1053 

.1215 

.1384 

.1561 

.1744 

.1935 

.2131 

.2334 

.2543 

.2758 

.2 

.2978 

.3205 

.3436 

.3673 

.3915 

.4162 

.4415 

.4672 

.4934 

.5206 

.3 

.5472 

.5748 

.6028 

.6313 

.6602 

.6895 

.7193 

.7495 

.7800 

.8110 

.4 

.8424 

.8742 

,9084 

.9390 

.9719 

1.0052 

1.0389 

1.0730 

1.1074 

1.1422 

.5 

1.1773 

1.2128 

1.2487 

1.2849 

1.3214 

1. 3583 

1.3956 

1.4330 

1.4709 

1.5091 

.6 

1.5476 

1.6865 

1. 6257 

1.6662 

1.7060 

1. 7451 

1.7856 

1.8262 

1.8673 

1.9086 

.7 

1.9503 

1.9922 

2. 0344 

2.0770 

2.1198 

2. 1629 

2.2063 

2.2500 

2.2940 

2.3382 

.8 

2.3828 

2.4276 

2. 4727 

2.6180 

2.6637 

2.6096 

2.6558 

2.7022 

2. 7490 

2.7959 

.9 

2.8432 

2,8907 

2. 9385 

2.9865 

8.0848 

3. 0834 

8.1322 

8. 1813 

3.2306 

3.2802 

1.0 

S.a300 

8.3801 

3.4304 

8.4810 

8.6318 

3.6828 

3.6342 

3.6867 

3. 7375 

3.7895 

1.1 

8.8418 

8.8943 

8. 9470 

4.0000 

4.0532 

4. 1067 

4.1604 

4. 2143 

4.2384 

4.3228 

1.2 

4.3774 

4.4322 

4.4873 

4.5426 

4.6981 

4. 6538 

4.7098 

4.7660 

4.8224 

4.8790 

1.3 

4. 9358 

4. 9929 

6.0502 

6.1077 

6.1654 

5. 2233 

5.2814 

5.3398 

5.3984 

6.4572 

1,4 

6. 6162 

5. 5764 

6. 6348 

6.6944 

5.7542 

5. 8143 

5.8745 

6.9360 

5.9967 

6.0565 

1.5 

6. 1176 

6. 1789 

6. 2404 

6.3020 

6.3638 

6. 4260 

6.4883 

6.6508 

6.6135 

6.6764 

1.6 

6.7394 

6. 8027 

6.8662 

6. 9299 

6. 9937 

7. 0578 

7.1221 

7. 1865 

7.2512 

7.3160 

1.7 

7.3810 

7. 4463 

7.5117 

7. 5773 

7.6431 

7. 7091 

7. 7752 

7.8416 

7.9081 

7.9749 

1.8 

8. 0418 

8. 1689 

8. 1762 

8.2487 

8.3118 

8. 3792 

8. 4472 

8.6154 

8.5838 

8.6524 

1.9 

8. 7212 

8. 7901 

8.8692 

8.9285 

8. 9980 

9. 0677 

9. 1375 

9. 2075 

8. 2777 

9. 3481 

2.0 

9.4187 

9. 4894 

9.6603 

9. 6314 

9. 7026 

9. 7741 

9.8457 

0. 9174 

9. 9894 

10.0620 

2.1 

10.1340 

10. 2060 

10.2790 

10. 8520 

10.4260 

10. 4980 

10.6710 

10.6450 

10.7180 

10.7920 

2.2 

10. 8660 

10. 9400 

11.0150 

11.0890 

11. 1640 

11.2390 

11.3140 

11.3890 

11.4640 

11.6100 

2.3 

11. 6160 

11. 6910 

11.7670 

11.8430 

11.9200 

11. 9960 

12.0730 

12. 1500 

12.2270 

12.3040 

2.4 

12. 3810 

12. 4690 

12.5360 

12.6140 

12.6920 

12. 7700 

12.8480 

12.9270 

13.0050 

13.0840 

2.5 

13. 1630 

13. 2480 

13. 3210 

13. 4010 

13. 4800 

13. 5600 

12.6400 

13,721)0 

13.8000 

13.8800 

2.6 

13. 9610 

14. 0410 

14. 1220 

11. 2030 

M.2S40 

11. 3650 

14.4470 

14. 5280 

14.6100 

14.6920 

2.7 

14.7740 

14. 8560 

14. 9380 

15. 0210 

15. 1030 

15. 1860 

15. 26. :0 

15. 3520 

15.4350 

15. 5190 

2.8 

15. 6020 

15. 6860 

15.7690 

15. 8530 

15. 9380 

16.0220 

16, 1060 

16.1910 

I 16.2760 

16. 3600 

2.9 

16.4460 

16. 5300 

16.6160 

16. 7010 

16.7870 

in. 8720 

16.9580 

17. 0410 

17. 1300 

17.2170 

8.0 

17. 3033 

17. 3899 

17.4698 

17. 5634 

17. 6503 

17. 7376 

17. 8248 

17.9124 

18.0000 

18.0876 

8.1 

18. 1764 

18.2634 

18.3516 

18.4:599 

1 8. ,5285 

18.6170 

18. 7056 

18. 7945 

18.8838 

18.9727 

3.2 

10.0619 

19.1515 

19.2410 

19. :5:507 

19. 4206 

19.5105 

19. 6(1()7 

19. 6910 

19. 7812 

10.8718 

8.3 

19. 9624 

20. ()5::3 

20. 1442 

2/1. 2354 

20. :5267 1 

20. 4179 

20. 5 ; 95 

20.6011 

20. 6930 

20.7849 

3.4 

20. 8777 

20. 9690 

21.0613 

21. i5::8 

21.2461 i 

21.3:190 

21.4319 

21.5248 

21. 6180 

21.7113 

3.5 

21.8045 

21 . 8980 

21. 9917 

22. (1856 

2J. 1795 

22. 27: 14 

22. 3677 

22. 4618 

22. 5564 

22.6510 

3. a 

22. 7456 

22. 8405 

22. 9351 

23 . 03116 

2:1. 1259 1 

•2:1. 221 1 

23.3167 

23. 4122 

'.3. r>()8i 

2'i. 6010 

3.7 

23. 6999 

23. 7962 

23. 8924 

2 : 5 . 9887 

21.0:^52 i 

24. 1818 

24. 2787 

24. 3756 

24. 4728 

24. 5697 

3.8 

21. (;;i73 

21. 7645 

24.8621 

24. 9600 

25.0576 1 

25. 1555 

25. 25.37 

25. 3520 

25. 4502 

25. 5188 

3.9 

25. 6 173 

25. 7459 

25. 87 18 

25. 91:57 

26.0129 

26.1422 

26.2411 

26. 3410 

26. 4405 

26. 5101 

4,0 

26. 6400 

26. 7399 

26.8101 

26. 9 K 4 

27.0196 ' 

27.1 112 j 

•..7. 2417 

27. 3423 

27. 44:12 

27.5111 

4.1 

27. 6153 

27. 7 16.6 

27. 8 178 

27. 9491 

2S. (i:i(i9 I 

28. 1525 

28. 25 14 

28. ::5i;:i 

28. 4582 

28. f>604 

4.2 

23. 6626 

28. 7652 

28. 8678 

28. 97(t:5 

29. (i7:!2 

29. 1761 

29. 2790 

29. :;82:? 

29. 4855 

29. 5890 

4.3 

29. 6926 

2' 1. 7962 

29. 9001 

::(t.(ioio 

::(i. i(t79 

30.21 18 

30. 31 6:1 

:i(). 4205 

:10. 5251 

::0. 6297 

4.4 

30. 7312 

30. 8391 

30. 9440 

:;i. 049:5 

31. 1.515 

31.2597 

31. 3649 

:n. 4705 

31.5761 

31. 6820 

4,6 

31. 7878 

31.8941 

32. 0003 

32. 1065 

:!2. 2128 

32. :nv3 

32. 4259 

:i2. 5324 

32. 6:;93 

32.7162 

4.G 

32. 8534 

32. 9607 

33,. 0679 

M:*,. 1755 

:;3. 2830 

33.3906 j 

:!3. 4985 

ooiM 

:::5.7M;; 

IVX 8225 

4.7 

33. 9307 

34.0373 

34. 1475 

.*54. 2560 

34.:5646 

31.4735 j 

34. 5.S24 

:M. 6913 

::4. 8005 

31. 9097 

4.8 

35. 0193 

35. 1288 

35. 2:554 

:;5. :54so 

::5.4'.78 ^ 

35.5677 1 

35. 6780 

::5.78S2 

3'). 8984 

36. 0086 

4.9 

36. 1182 

36. 2297 

36. 3. 106 

36, 4; *1 . ) 

:;6. 5624 ^ 

36.6736 j 

36. 7815 

:;6..s96i 

: 17. 0073 

37 . 1188 
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Table 11. — Continued. 


Head 
Hr, feet 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

5.0 

37. 2304 

37.3423 

37.4642 

37. 5661 

37. 6783 

37. 7906 

37.9027 

38.0163 

38.1276 

38.2404 

6.1 

38. 3529 

38.4658 

88. 5787 

38. 6919 

38.8062 

38. 9184 

39.0319 

39.1456 

39.2591 

39. 3726 

6.2 

39.4865 

39.6004 

39. 7146 

89.8288 

39.9430 

40.0576 

40.1718 

40.2867 

40.4012 

40.5161 

6.3 

40. 6310 

40. 7462 

40. 5281 

40.9766 

41. 0919 

41. 2074 

41.3230 

41.4386 

41.5544 

41.6703 

5.4 

41. 7866 

41.9024 

42. 0186 

42. 1352 

42.2517 

42. 3683 

42.4848 

42.6017 

42. 7186 

42.8356 

5.5 

42 . 9523 

43.0700 

43. 1871 

43.3043 

43. 4219 

42.5394 

43.6673 

43. 7762 

43.8931 

44. 0109 

6.6 

44. 1292 

44,2474 

44.3659 

44.4845 

44.6030 

44.7216 

44.8404 

44.9593 

45. 0782 

46.1974 

5.7 

45. 3166 

45.4359 

45. 5554 

45, 6746 

45. 7945 

45. 9140 

46.0339 

46. 1538 

46. 2740 

46.3939 

5.8 

46. 5141 

46. 6347 

46. 7552 

46.8757 

46. 9903 

47.1172 

47.2380 

47.3589 

47. 4798 

47.6010 

6.9 

47. 7226 

47.8438 

47, 9653 

48. 0869 

48.2084 

48.3303 

48.4522 

48.5744 

48. 6963 

48.8186 

6.0 

48. 9407 

49.0632 

49.1858 

49,3083 

48.4312 

49.6587 

49.6766 

49. 7999 

49.9230 

50.0462 

6.1 

50.1694 

50.2930 

60.4162 

60.5401 

60.6637 

60.7875 

50.9114 

51.0356 

51.1595 

61.2837 

6.2 

61.4082 

51.5324 

51,6570 

61, 7818 

61.9034 

62.0313 

62.1531 

52. 2813 

52.4062 

52.5314 

6.3 

52. 6570 

62.7822 

52.9077 

53.0336 

63.1691 

53.2850 

63.4109 

53. 5871 

53. 6630 

63. 7892 

6.4 

63, 9157 

64. 0419 

64.1684 

64.2950 

64.4219 

64.6487 

54.6756 

54. 8025 

54. 9297 

65.0569 

6.6 

65. 1832 

56. 3116 

65.4392 

55.6667 

65.6943 

65.8221 

65. 9500 

66. 0779 

66. 2061 

66.3343 

6.6 

66.4625 

66.6910 

56.7192 

56.8478 

66.9766 

57. 1056 

57.2340 

57.3233 

57.4921 

57. 6213 

6.7 

57. 7505 

57.8801 

58.0093 

68.1388 

68.2687 

68. 3982 

68.5281 

58. 6580 

58. 7882 

58.9180 

6.8 

69.0482 

59. 1788 

59.8090 

59.4428 

59.570U 

69. 7009 

59.8314 

69. 9623 

60.0935 

60. 2244 

6.9 

60, 3656 

60. 4868 

60.6183 

60.7499 

60.8814 

61. 0129 

61. 1446 

61. 2763 

61.4082 

61.6404 

7.0 

Cl. 6736 

01.8048 

61.9370 

02.0692 ‘ 

02.2017 

62,3343 

62. 4671 

62. 6000 

62. 7329 

62.8657 

7.1 

62.9986 

03. 1318 

63.2650 

63.3992 

63.5317 

63. 6653 

63. 7991 

63. 9327 

64. 0665 

64.2004 

7.2 

04.3343 

64.4685 

64.6027 

64.7,369 

64.8711 

65.0066 

65. 1268 

66. 2750 

65. 4095 

65.5444 

7.3 

65. 6793 

65. 8145 

65. 9493 

66.0845 

66.2197 

66. 3552 

66. 4908 

66. 6263 

66. 7618 

66.8977 

7.4 

67. 0330 

67. 1694 

67.3053 

07.4416 

67.5777 

67. 7139 

67. 8504 

67. 9869 

68. 1235 

68.2600 

7.6 

68. 3969 

08.5337 

68. 6706 

68.8078 

68. 9447 

69.0818 

69.2794 

60.3666 

69.4941 

69. 6316 

7.6 

69.7695 

09.9070 

70. 0449 

70. 1827 

70.3209 

70.4691 

70. 5973 

70. 7355 

70.8737 

71.0123 

7.7 

71. 1508 

71. 2890 

71. 4282 

71.6670 

71.7069 

71.8451 

71. 9843 

72. 1235 

72.2627 

72.4743 

7.8 

72.5414 

72.0809 ' 

72.8208 

72.9003 

73.1002 

73.2400 

73.3802 

73.5201 

73.6603 

73. 8005 

7.9 

73. 9410 

71. 0815 

74. 2220 

74. 3626 

74.5031 

74.6439 

74.7848 

74. 9260 

75.0669 

75. 2081 

8,0 

75. 3492 

75. 4908 

75. 6320 

75.7735 

1 75.9160 

76.0569 

76. 1987 

76.3406 

76.4824 

76. 6243 

8.1 

76. 7665 

70. 9087 

77.0509 

77. 1934 

77.3360 

77.4784 

77.6210 

77. 7638 

77. 9067 

78.0496 

8.2 

78. 1924 

78. 3350 

78. 4788 

78, 6220 

78.7655 

78. 9087 

79. 0522 

79. 1957 

79. 3396 

79.4834 

8.3 

79. 6273 

79. 7711 

79. 9153 

80. 0692 

80.2034 

80.3179 

80. 4921 

80. 6366 

80. 7811 

80. 9260 

8.4 

81.0705 

81.2154 

81. 8002 

81. 5054 

81.6503 

81.7965 

81. 9406 

82. 0862 

82. 2314 

82.3769 

8.5 

82. 5224 

82.6682 

82. 8141 

82. 9600 

83.1058 

83.2517 

83. 3979 

83. .5440 

83. 6902 

83.8367 

8.G 

83. 9833 

84. 1298 

81.2703 

84. 4228 

84.5697 

84. 7165 

81.8034 

85. 0106 

85. 1578 

85.3049 

8.7 

85. 4521 

85. 5996 

85. 7472 

85. 8947 

8:;. 0455 

86. 1897 

86. 3376 

80.4854 

86. 6336 

86. 7816 

8.8 

80. 9297 

87. 0778 

87. 2201 

87. 3715 

87. 5231 

87. 6716 

87.8204 

87. 9089 

88.1178 

88. 2666 

8.9 

88.4192 

88. 6647 

88. 7139 

88. 8630 

89. 0126 

89. 1617 

89. 3113 

89. 4608 

89. 6103 

89. 7G02 

9.0 

80. 9100 

90. 0599 

90. 2001 

90. 3599 

90. 5101 

90. 6602 

90. 4778 

90. 9009 

91. 1115 

91. 2020 

9.1 

91.4125 

91. 5633 

91.7M2 

91. 8650 

92. 0159 

92. 1671 

92.3183 

92.4094 

92. 6206 

92. 7721 

9.2 

92. 9237 

93. 0782 

93. 2207 

93. 3785 

93. 5304 

93. 6822 

93,8341 

93.9803 

94. 1384 

94. 2900 

9.3 

91.4428 

91. 5950 

91. 7475 

91. 9000 

95. 0529 

95. 2051 

95. 3582 

95.5111 

95. GC 30 

95. 8171 

9.4 

95.9703 

96.1231 

90. 271)6 

90. 4298 

90. 5833 

96. 7368 

96.8903 

97. 0442 

97. 1077 

97. 3516 

9.5 

97. 6057 

97. 6596 

97. 8138 

97. 9079 

98. 1021 

98.2763 

98.4308 

98. 5853 

98. 7398 

98. 8943 

9.6 1 

99. 0492 

90. 2040 

99. 3589 

99. 5141 

90. 6089 

99.8211 

99. 9793 

100. 1344 

100. 2899 

100.4455 

9.7 

100. 0010 

100. 7565 

100. 9123 

101.0078 

101. 2237 

101.3799 

101.6357 

101.0919 

101. 8481 

102.0042 

9.8 

102. 1607 

102.3169 

102. 4731 

102. 6299 

102. 78(;8 

102.9433 

103.1001 

103. 2570 

103.4141 

103.5710 

9.9 

103. 7282 

103.8853 

104. 0429 

104. 2000 

104. 3676 

104.5121 

104.6726 

104.8304 

104. 9882 

|105. 1461 

10.0 j 

105. 3039 

105.4618 

105. 6199 

105. 7781 

105. 9363 

106.0945 

106. 2530 

106.4115 

106. 5700 

106. 7285 


Note:— B y increasing the quantities in tliis table by 1 per cent the discharge by the Cippoletti 
formiilfi ('0 = .'^ .‘t will bft obtained. 

























]^94 RIVEE DISCHARGE. 

determination of discharge over various types of broad-crested 

WEIRS. 

From the weir experiments at the Cornell Hydraulic Laboratory, 
as outlined in United States Geological Survey Water-Supply Paper 
No 200 Mr E C. Murphy has derived coefficients to be used in connec- 
tion with a discharge table computed by Bazin’s formula for sharp- 
crested weirs for determining the discharge over certain types of broad- 
crested weirs. Table IV gives the discharge per foot of length of crest 
bv Bazin’s formula for weirs having a height varying from 2 to 30 feet, 
and tables V, VI, and VII give the multipliers to be used with this 
table to give the discharge over broad-crested weirs. Example. Sup- 
pose the discharge is to be computed over a rectangular weir that is 
10 feet long, 12 feet high, 6 feet crest width, and has an observed head 

Table IV shows that for a height (p) of 12 feet and a head (H) of 2.4, 
the discharge (Q) is 12.42 second-feet. Table V shows that for a height 
(v) of 12 feet, a crest width (c) of 6 feet, and head (H) of 2.4 feet the 
multiplier is 0.797. Hence, the discharge is 12.42x0.797x10=99.0 
second-feet. 

Table IV— Discharge in second-jeA rnr foot of crest over sharp-crested rectangular 
weirs without end contractions, 


[H-hend, in feot. P=height of weir, in feet]. 


a. 

0 

""1 

•t 

fl ^ 

8 

10 

20 

SO 

0.1 

0. 13 

0.13 

0. 13 

0. 13 

0.13 

0. 13 

0.13 


. :{3 

. 33 

. 33 

.33 

. 33 

.33 

.33 

.0 

. .3H 

. .'.M 

. TiH 

. ns 

. 38 

. 38 

.38 

.1 

. HS 

. SM 

.S7 

. S7 

. S7 

.87 

.87 

- 

1 

1.21 

1.21 

1 . 21 

1.21 

1.20 

1.20 

. 0 

1 . 02 

I . Ml 

l.MS 

1 . f.S 

1 . 37 

1 . 37 

1 . 37 


2.01 

1 1 . 00 1 

l.os 

1 . OH 

1. 07 

1.07 

1 . 97 

. H 

2. .Ml 

' 2.13 

! 2 . 1 1 

2. 11 

; 2 . -lo 

2. 10 

2. 40 

.'J 

00 

1 2.0(1 

! 2. ss 

2. SC. 

1 2. HO 

2. 83 

2. 83 

1.0 

;; ; 

! 3.1(1 

, 3.30 

3. 3:3 

1 3. 3-1 

3. :i3 

3. 33 

1.1 

1. 10 

i 

3. 0 :: 

3. SH 

3. SC, 

3. Hf) 

3. HI 

3. 83 

1.2 

1. O'.) 

•l.is 

■1. 12 

4. 10 

■1. 3S 

•1.30 

4.36 

1.3 

n 32 

f). 07 

4. 00 

•1. 90 

■1.01 

1.92 

4.91 

l.t 

r». 00 

i 

f). OS 

; >S 

3 ftf) 

5 .32 

5. 49 

5. 48 


aThiR table Hhould not be used where water on the downstream side of the weir is above the level 
of the crest, nor unless air circulates freely between the overfalling sheet and the downstream face 
of the weir. If a vacuum forms under the falling sheet the discharge may be 6 per cent greater than 
given in this table. 
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Tahle IV. — Continued. 


R 

2 

4 

6 

8 

10 

20 

SO 

1.6 

6.69 

6.80 

6.20 

6.16 

6.13 

6.08 

6.07 

1.6 

7.40 

6,97 

6.84 

6.78 

6.76 

6.69 

6.68 

^7 

8.15 

7.66 

7.50 

7.43 

7.39 

7.33 

7.31 

1.8 

8.93 

8.37 

8.18 

8.09 

8.05 

7.98 

7.96 

1.9 

9.74 

9.11 

8.89 

8.79 

8.74 

8.65 

8.63 

2.0 

10.58 

9.87 

9.62 

9.61 

9.44 

9.34 

9,32 

2.1 

11.44 

10. 66 

10.37 

10.24 

10.17 

10.05 

10.02 

2.2 

12.33 

11.46 

11.14 

10.99 

10.91 

10.78 

10.75 

2.3 

13.25 

12.29 

11.93 

11.77 

11.67 

11.62 

11.48 

2.4 

14.20 

13.15 

12.75 

12.56 

12.45 

12.28 

12.24 

2.5 

15.18 

14.03 

13.69 

13.37 

13.25 

13.06 

13.02 

2.6 

16.17 

14. 92 

14.44 

14.20 

14.07 

13.85 

13.80 

2.7 

17. 19 

15.84 

15.31 

15.05 

14.90 

14.65 

14.60 

2.8 

18.23 

16. 79 

16.21 

16.92 

15.76 

15.48 

15.42 

2.9 

19.29 

17.75 

17.12 

16.81 

16.63 

16.32 

16.25 

8.0 

20.38 

18.74 

18.06 

17.71 

17.62 

17.18 

17.10 

8.1 

21.60 

19.74 

19.01 

18.64 . 

18.42 

18.05 

17.96 

8.2 

22.64 

20. 77 

19.98 

19.68 

19.34 

18.93 

18.83 

8.3 

23.80 

21. 82 

20.98 

20.54 

20.28 

19.83 

19.72 

8.4 

24.98 

22. 89 

21.99 

21.52 

21.24 

20.75 

20.63 

8.6 

26, 20 

23. 98 

23.01 

22.51 

22.22 

21.69 

21.55 

8.6 

27. 42 

25. 09 

24.06 

23.52 

23.20 

22. 62 

22.48 

3.7 

28. 67 

26. 23 

25.13 

24.55 

24.21 

23.58 

23.43 

3.8 

29. 94 

27. 38 

26.22 

25.60 

25.23 

24.56 

24.39 

3.9 

81.23 

28.55 

27.32 

26. 66 

26.27 

25.54 

25. S7 

4.0 

32.64 

29. 74 

28.45 

27.74 

27.32 

26. 55 

26.35 

4.1 

83.87 

30.96 

29:59 

28.84 

28.39 

27.56 

27.34 

4.2 

35.22 

32. 18 

30.75 

29. 96 

29. 48 

28.59 

28.35 

4.3 

36.59 

33.43 

31.92 

31.09 

30.68 

29.63 

29.38 

4.4 

37.99 

34. 70 

33.12 

32.24 

31. 70 

30.68 

30.42 

4.5 

89.40 

35. 98 

34,33 

33.40 

32.83 

31.74 

31.47 

4.6 

40.83 

37. 29 

35.56 

34.58 

33.98 

32.82 

32.53 

4.7 

42. 28 

38. 61 

36.80 

35. 78 

35.14 

33. 92 

33. 61 

4.8 

43. 75 

39.96 

38.07 

37. 00 

36,32 

35.04 

34.70 

4.9 

45. 23 

41.32 

39.35 

38. 23 

37.62 

36.17 

35.80 

6.0 

46. 73 

42. 69 

40. 65 

39.48 

38. 74 

37. 21 

36. 91 

5. 1 

48. 25 

44. 09 

41.96 

40. 73 

39.97 

38. 45 

38.03 

6.2 

49. 79 

45, 50 

43.29 

42. 01 

41.20 

39. 61 

39.17 

6.3 

51.36 

46. 93 

44. 64 

43.30 

42.45 

40.78 

40. 31 

6.4 

62. 94 

48.38 

46.00 

44.60 

43.71 

41.96 

41.47 

5.6 

54. 54 

49. 85 

47.38 

45.93 

46.00 

43.16 

42.64 

6.6 

56. 15 

51.34 

48.79 

47.27 

46.31 

44.38 

43.83 

6.7 

57. 78 

52. 83 

50.19 

48.62 

47.62 

45. 60 

45.02 

6.8 

59. 12 

51. 34 

51.62 

49. 99 

48.94 

46.83 

46.22 

5.9 

61.09 

55. 88 

53.07 

51.38 

50.29 

48.08 

47.44 

6.0 

62.77 

57. 43 

54.53 

52.78 

51.64 

49.34 

48. 67 

6.1 

64.46 

59.00 

66.00 

64.20 

53,02 

50. 61 

49.91 

6.2 

66. 18 

60. 58 

67.50 

55. 63 

54.40 

51.90 

51.16 

6.3 

67.91 

62. 18 

69.01 

57.07 

55. 80 

■ 53. 20 

52.42 

6.4 

69.65 

63. 79 

60.63 

58.53 

57.22 

54.50 

53. 70 
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biver discharge. 

Table IV. — Continued, 


4 


>5.42 

57.07 

58.74 
70.42 
72. 11 

73.82 
75.55 
77.29 
79.04 I 
80.81 

82.60 

84.40 

86.22 

88.06 

89.90 

91.75 
93.63 
95.51 

97. 42 
99,34 

101.27 
103. 21 

105. 17 

107. 14 
109. 13 

111. 13 

113.15 

115.18 

119.27 

121.31 

123. 42 
125. 51 
127. 63 
129.74 
131.87 


6 


62,07 

63.63 

65.20 
66.78 

68.38 

70.00 

71.63 

73.28 
74.94 

76.61 

78.30 

80.01 

81.73 
83.46 

86.21 

86.97 

88.75 

90.54 

92.34 

94.16 

96.00 
97. 84 
99. 70 

101.57 
103. 40 

105. 30 

107. 28 
IIKK 21 
111.15 
113.10 

115.07 

117.05 

119.04 

121.05 

123. 07 
125. It) 


8 


60.01 

61.60 

63.00 

64.53 

66.06 

67.60 

69.17 

70,74 
72.34 
73.94 

75.66 

77.19 
78.84 ^ 

80.50 

82.18 

83.87 

85.57 

87.29 

89.02 
90.76 

92.52 

94.29 

96. 07 

97. 87 

99. 08 

101.50 

103.31 

105. 19 

107.00 
108.93 

no. 82 

1 12. 72 

111.01 

110.57 

118.51 

120. If. 


io 


58.65 

60. 09 

61.65 

63. 02 

64.50 

66.00 

67.52 

69.04 

70.58 
72.14 

73.70 

75.28 

76.88 

78.48 

80.11 

81.74 

83.39 

85.25 
86. 72 
88. 41 

90. 11 

91. 82 

93. 55 
95. 28 

97. 04 

98. 80 

100.58 
102. 37 
104. 17 
105. 99 

107. 82 

109. 05 
111. 50 
113.;!7 

115.25 

117.14 


20 


55.82 
57. 16 

58.50 
59.96 

61.23 

62,61 

64.00 

66.40 

66.81 

68.24 

69.68 

71.13 I 

72. 59 

74.06 

75. 65 

77.04 

78.65 

80.06 

81.59 

83.13 

84. 69 

86. 25 
87. 82 
89. 40 
91.00 

92. 61 
94.23 
95. 80 
97. 49 

99.11 

100.80 
102.48 
104. 10 
105. 85 

107. 50 

109. 27 


SO 


54.98 

56.27 

57.58 

58.90 
60.22 

61.56 

62. 91 

64.27 

65.64 

67.02 

68.41 

69.81 

71.23 

72.65 I 

74.09 

75.53 

76. 98 
78.44 

79.92 

81.40 

82. 90 

84.41 
85. 92 

87. 44 

88. 98 

90. 52 

92. OH 

93. 05 
95. 22 
90. 80 

98. 40 
lUO. 00 

101.02 

103. 25 

104. HH 

100. 52 
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Table Y. — Multipliers to he used in connection with Table IV to obtain the discharge 
over broad-crested weirs of rectangular cross-section of type a, fig, 39^ 


[p=: Height of weir; c= width of crest; jy= observed head, all in feet.] 


s\?;; 

4.6 

2.6 

4.6 

6.6 

11.25 

.48 

11.25 

.93 

11.25 

1.66 

11,25 

3.17 

11.25 

5.88 

11.25 

8.98 

11.25 
12. 24 

11.25 

16.30 

0. 5 



0.821 

0.792 

0.806 

0.792 

0. 799 

0.801 

0. 786 

0. 790 

1.0 

0. 765 

0. 708 

.997 

.899 

.808 

.795 

.791 

.794 

.815 

.790 

1.5 

.789 

.709 

1,00 

.982 

.878 

.796 

.796 

.793 

.814 

.792 

2.0 

.814 

.710 

1.00 

1.00 

.906 

.815 

.797 

.792 

.797 

.793 

2.6 

.836 

.711 

1.00 

1.00 

.9^5 

.844 

.797 

.790 

.796 

.793 

3.0 

..857 

.711 

1.00 

l.CO 

1.00 

.870 

.797 

.788 

.794 

.791 

3.5 

.878 

.712 

1.00 

l.CO 

1.00 

.90 

.812 

1 .787 

.794 

.791 

4.0 

.899 

.714 

1,00 

1.00 

1.00 

.93 

.834 

.786 

.792 

.789 

5.0 

.940 

.716 

l.CO 

1.00 

1.00 

.97 

(«) 

.78 

.79 

.78 

6.0 

.986 

.718 

1.00 

1.00 

1.00 

.98 

(«) 

.78 

,78 

.78 

7. 0 



1.00 

1.00 

1,00 

(a) 1 

(a) 

.77 

.78 

.77 

8.0 



1.00 

1.00 

1.00 

(a) 

(®) 


.77 

.77 

9.0 



1.00 

1.00 

1.00 

(«) 

(a) 

.77 

. 77 

,77 

10.0 



1.00 

1.00 

1.00 

(«) 

(«) 

i 

. 77 

1 

1 .77 

.77 


a Value doubtful. 

Table VI. — Multipliers to be used in connection with Table IV to obtain the discharge 
over broad-crested weirs of trapezoidal cross-section of types b and c, fig. :,9, 

(p=Height of weir, in feet; c = width of crest, in feet: s= upstream slope; downstream slope; 

H=observed head, in feet.] 





Type 5, fig. 

J9. 



Type c, fig. 39 , 

p 

4.9 

4.9 

4.9 

4.9 

4.9 

4.9 

4.9 

4.65 

11.25 

c 

.33 

.66 

.66 

.66 

.66 

.33 

.66 

7.G0 

6.00 

s 

2:1 

2:1 

3:1 

4:1 

5:1 

2:1 

2:1 

4.67:1 

6:1 


0 

0 

0 

0 

0 

5:1 

2:1 













B 










1.0 

1.137 

1.048 

1.066 

1.039 

1.009 

1.095 

1.071 

1.042 

1.060 

1.5 

1. 131 

1.068 

1.066 

1.039 

1.009 

1.071 

1.066 

1.033 

1.069 

2.0 

1.120 

1.080 

1.061 

1.033 

1.005 

1.044 

1.053 

1.024 

1.054 

2.5 

1, 106 j 

‘ 1.085 

1.052 

1.026 

.997 

1.024 

1.047 

1.012 

1.012 

3.0 

1. 094 

1.088 

1.047 

1.020 

.991 

1.009 

1.047 

.995 

.985 

3.5 

1.085 

1.087 

1.043 

1.017 

.988 

1.003 i 

1,050 

.983 

.979 

4,0 

1.072 

1.084 

1.038 

1.012 

.984 

1.014 

1.052 

.977 

.976 

•1 5 

1.064 

1.081 

1.035 

1.009 

.980 

1.023 

1.055 

.974 

.973, 

5 0 








.97 

.97 

0 0 








.97 

.96 

T 0 






1 


.97 

.96 

Hi) ' 






! .. 

.96 

.95 

q (1 






i 

.96 

.95 

10 0 L, 







.96 

.95 
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TdbiU VII.—~Mutiipliers to be used in oonnection with Table IV to obtain the discharge 
over broad-crested weirs of compound cross-section of types dto m inclusive, fy. 39 


[p=Height of weir, in feet; H=observed head, in feet.j 


p 

4.67 

4.56 

4.53 

5.28 

11.25 

11.25 

11.26 

11.25 

11.25 

11.26 

Type, fig. 

d 

c 

/ 

9 

h 

i 

i 

k 

1 

m 

a 











o.r> 





0 941 

0 9^4 

0 933 




1.0 

0.842 

0.836 

0.929 

0.976 

1.039 

1.033 

.988 

1.045 

1.033 

1.000 

1.5 

.866 

.834 

,950 

.979 

1.087 

1.093 

1.018 

1.066 

1.042 

1.036 

2.0 

.888 

.831 

,953 

.988 

1.109 

1.133 

1.033 

1.063 

1.035 

1.063 

2.5 

.906 

.826 

.947 

1.000 

1. 118 

1.153 

1.045 

1.020 

1.033 

1.085 

3. 0 

.927 

.822 

.942 

1.016 

1.120 

1.163 

1.054 

.997 

1 1.045 

1 1.096 

3.5 

.945 

.817 

.936 

1.032 

1.127 

1.169 

1.060 

.994 

1.054 

1.108 

4.0 

.965 

.812 

.931 

I 1.044 

1.123 

1.165 

1.060 

.991 

1.057 

1.110 

5.0 

1.00 

.80 

.92 

[ 1.05 

1.11 

1.16 

1.05 

.98 

1.05 

1.10 

6 . 0 





1.11 

1.15 

1.04 

.98 

1.04 

1.10 

7.0 i 





1.10 

1.14 

1.04 

.97 

1.04 

1.09 

8.0 



i 

1.10 

1. 14 

1.04 

.97 

1.03 

1.09 

9.0 

! 


............... 

1.09 

1.14 

1.03 

.97 

1.03 

1.08 

10.0..... 





1.09 

1.13 

1.03 

.97 

1.03 

1.08 


Table VIII, — Three-halves 'powers for numbers from 0 to 12 . 



0 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

0.00 

0. 0000 

1. 0000 

2. 8284 

5. 1962 

8.0000 

11. 1803 

14.6969 

18. 5203 

22.6274 

27.0000 

31.6228 

36.4829 

.01 

.0010 

1.0150 

2. 8497 

5. 2222 

8. 0300 

11.2139 

14.7337 

18.5600 

22.6699 

27.0450 

31.6702 

36.5326 

.02 

. 0028 

1.0 S 02 

2. 8710 

5.2482 

8.0601 

11.2475 

14.7705 

18.5997 

22.7123 

27.0 S 90 

31.7177 

36.5824 

.03 

- 0052 

1.0453 

2. 8923 

5. 2743 

8.0902 

11.2811 

14.8073 

18. 6394 

22.7548 

27.1351 31. 7652 

36. 6322 

.04 

.0080 

1.0606 

2. 9137 

5, 3004 

8.1203 

11.3148 

14.8442 

18.6792 

22.7973 

27. 1802|31. 8127 

36. 6820 

.05 

.0112 

1. 0759 

2. 9352 

5, 3266 

8.1505 

11. 3485 

14. 8810 

IS . 7190 

22.8399 

27. 2253:31. 8602 

36. 7319 

.06 

.0147 

1. 0913 

2. 9567 

5. 3528 

8.1807 

11.3822 

14.9179 

18. 7589 

22.8825 

27. 2705|31. 9078 

36. 7818 

.07 1 

. 0185 

1. 1068 

' 2 . 9782 

5. 3791 

8.2109 

11.4160 

14. 9549 

18. 7988 

22. 9251 

27.3156 j 31.9554 

36. 8317 

.08 

. 0226 

1, 1224 

2. 9998 

5. 4054 

8.2412 

11. 4497 

14. 9919 

18. 8387 

22.9677 

27. 3608 32. 0030 

36.8816 

.09 

. 0270 

1.1380,3.0215 

5. 4317 

8. 2715111.4836 

15.0289 

18. 8786 

23. 0103 

27. 406032. 0506 

1 

36. 9315 

0. 10 

0. 0310 

1. 1537 

3. 0432 

5. 4581 

8.3019 

11.5174 

15. 0659 

18. 9185 

23.0530 

27. 4512 

32. 0983 

36. 9815 1 

.11 

. 0365 

1. 1695 

3.0650 

5. 4845 

8.332311.6513 

15. 1030 

18. 9585 

23.0957 

27. 4965 

32.1460 

37. 0315 1 

.12 

. 0416 

1. 1853 

3. 0868 

5.6110 

8.3627 

11.5 a 52 

15.1400 

18.9985 

23. 1384| 

27, 5418 

12. 1937 

37.0815 j 

.13 

. 0469 

1. 2012 

3. 1080 

5. 5375 

8. 393211.6192 

15. 1772 

19.0386 

23. 1812 

27. 5871 1 

32.2414 

37. 1315 

.14 

.0524 

1.2172 

3, 1306 

5. 5641 

8. 4237 

11. 6 r >32 

15. 2143 

19. 0786 

23. 2240 

27. 6324 

32. 2892 

37. 1816 

.15 

.0581 

1. 2332 

3. 1525 

5. 5907 

8. 4542 

11. 6872 

15. 2515 

19, 1187[ 

23. 2068 27. 6778 

> 2 . Ch'> t Oj 

37. 2317 

.16 

.0640 

1. 2494 

3. 1745 

5.6173 

8.4848 

11.7213 

15. 2887 

19. 1589' 

23. 30% 

27. 7232 

32. 3848; 

37. 2817 

.17 

.0701 

1. 2666 

3.1966 

5. 6440 

8. 6154 

11.7554 

15. 3260 

19. 199 o |: 

23. 3.526, 

27. 7686 1 

32. 4326 

37. 3319 

.IS 

.0764 1.2818 

3. 2187 

5. 6708 

8.5460 

11. 7895 

15. 3632 

19. 239223. 3954 

27. 81 40' 

32. 4804 

37. 3820 

.19 

.0828 j 1.2981 

3.2409 

5. 6975 

8. 5767 

11.82,36 

15.4005 

19. 2794 123 . 4^83 

27. 8595 ' 

32. 5283 

37. 4.322 
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RIVER DISCHARGE 
Table VIII. — Continued. 


\ 

%s 

T \ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0. 20 

0. 0894 

1. 3145 

3. 2631 

5.7243 

8.6074 

11.8578 

15.4379 

19. 3196 

23.4812 

27. 9060 

32.5762 

37.4824 

.21 

. 0962 

1.3310 

3.2854 

5.7512 

8.6382 

11.8020 

16.4752 

19. 3599 

23.5242 

27.9514 

32.6241 

37.5326 

.22 

.1032 

1 3475 

3.3077 

5.7781 

8.6690 

11.9263 

15.5126 

19.4002 

23.5672 

27.9960 

32. 6720 

37.5828 

.23 

.1103 

1,3641 

3. 3301 

5.8050 

8. 6998 

11. 9606 

15.6601 

19.4405 

23. 6102 

28.0416 

32. 7200 

37.6331 

.24 

.1176 

1.3808 

3. 3525 

5.8320 

8. 7307 

11.9949 

15. 5866 

19. 4808 

23. 6533 

28. 0872 

32. 7680 

37.6833 

.25 

.1250 

1.3975 

3.3750 

5.8,590 

8.7(H6|12.0293 

16.6250 

19. 5212 

23.6963 

28. 1828 

32. 8160 

37.7336 

.26 

.1326 

1.4144 

3.3975 

5.8861 

8. 7925|l2. 0636 

15. 6616 

19.5576 

23. 7394 

28. 1784 32.8640 

37. 7840 

.27 

.1403 

1.4312 

3.4201 

5.9132 

8. 8235 12. 0981 

15. 7001 

19.6021 

23. 7825 

28. 224132.9121 

37.8343 

.28 

.1482 

1.4482 

3.4427 

5.9403 

8. 8545 

12. 1325 

15.7876 

‘l9. 6425 

23. 8257 

28. 2698 32.9600 

37.8847 

.29 

.1662 

1. 4652 

3.4654 

5. 9675 

8.8856 

12. 1670 

15. 7752 

19. 6830 

23. 8689 

28. 3155 

S3. 0083 

37. 9361 

0,30 

0. 1643 

1.4822 

3. 4881 

5. 9947 

8. 9167 

12.2015 

15.8129 

19. 7235 

23.9121 

28. 3612 

33.0564 

37.9856 

.31 

.1726 

1. 4994 

3.5109 

6.0220 

8.9478 

12.2361 

15.8.505 

19. 7641 

23.9553 

28. 4069 

33.1046 

38. 0359 

.32 

.1810 

1. 5166 

3. 5337:6. 0493 

8. 9790 

12. 2706 

15.8882 

19. 8046 

23. 9986 

28.4527 

83.1527 

38.0864 

.33 

.1896 

1.5338 

3.5566j6.0767 

9. 0102 

12. 3053 

16. 9260 

19. 8452 

24.0418 

28.4985 

33.2009 

38. 1369 

.34 

.1983 

1. 5512 

3.5795 6.1041 

9. 0414 12. 3399 

15. 9637 

19. 8858 

24.0851 

28. 5444 

33. 2492 

38.1874 

.36 

. 2071 1. 5686 

3.6025 6.1315 

9. 0726 12. 3746 

10. 0015 

19. 9265 24. 1285 

28. 5902 

33. 2974 

38.2379 

.36 

. 2160 1. 5860 

3.6255 6.1590 

9.1040 12.4093 

16. 0393 

19. 9672 

24. 1718 

28.6361 

33. 3457 

38.2884 

.37 

. 22511. 6035 

3. 64866.1865 

9. 1353 12. 4440 

16. 0772 

20. 0079 

24.2152 

28.6820 

33. 3940 

38. 3390 

.38 

.2342|l.62n 

3.6717 

6.2141 

9.166712.4788 

16. 1150 

20. 0 186 

24.2586 

28.7279 33. 4423 

38. 3896 

.39 

.24361.6388 

3.6949 6.2417 

9. 1981 12. 5136 

16.1529 

20. 0894 

24.3021 

28.7739 33.4900 

38. 4402 

0.40 

0. 2530 L 6565 

n. 7181:6.269;; 

9. 229.5 

12.5485 

16. 1909 

20. 1302 

24.3456 

28.8199 33.5390 

38. 4908 

.41 

. 26251. 6743 

.3. 7413r), 2970 

9. 2610 

12.5833 16.2288 

20. 1710 

24.3890 

28.86.59 33.6874 

38, 6415 

.42 

. 2721 


1.6921 

3. 76464*. 32 47 

9. 292,5;] 2. 0182 

16.2G68 

20. 2118 

24.4326 

28. 9119 33. 63,58 

38. 6922 

.43 

.282 


1 7100 3.7880 6.3,525 

9. 3241 1 12. 6582 

16. 3048 

20. 2527 

24. 4761 

28. 9579 3:5. 6842 

38. 6429 

.44 

. 2919 1 . 72S()l3. 81 14 6). 3803 

9. 3557 12. 68.82 

16. 3429 

20. 29,36 

24 5196 

29. 0040 

33. 7327 

38. 69*36 

.45 

.3019'].71Go'3. S349'6.40S1 

9. 3,S7:> 

12, 72:52 

16. 3.810 

20. 3345 

24. 5632'29. 0501 33. 7811 

38. 7443 

.46 

.3120 1.7611 

3. 8584 6, 4360 

9. -.1.89 12, 7.58246.419] 

20. 3755 

21. GOGS 

29. 0962 

33. 8297 

38. 7951 

.47 

3222 

1.782313.88194*. 4639 

9. 4.506 

12. 79:;:; 

16. -1,572 

20. 4165 

21. 6.50.5 

29. 1424 

33. 8782 

38. 8459 

.48 

. 3325 


1.8005 

9055, 

*. 4919 

9. -1.824. 12. .82.84 16. 495-1 

20. 4.575 

24.6941 29.1885 

33. 9267 

38. 8967 

.49 

,313U;i.81SM 

1 . 9292 6. 5199 

9.51-n 12. .8635 

1 

16. .533(1 

20. 498,5 

21. 7:178 29. 2:i47 3:5. 97.53 

1 1 

38. 9475 

0.50 

0.3536 1.8371 

i 

{. 9.529 6. 5479 

1 1 

9. 54,59 12. .89.86 1 6. ,57 1 .8 

24. r):.;96 

-.,.7, sir, 

29.2810 

0239 

:;,8. 9f)8-i 

.61 

. 3612 


i. 8.555 

{. 97666. 5760 

9..577.8 12. 933.816.6101 

20. .5,807 

21. 8253 29. *.5272 

1.0725 

39. 0-193 

.52 

. 3750 1. 8740 

l.(M)()4|6.6()41 

9. 6097 1 

12. 9691 

16. 61S4 

20. f)21,8‘24.,8f,9l'29. 37:ir> 

:m. 1211 

:;9.ioo2 

.53 

.3M5.S1 .S‘)2r)| 

1.0242, 

*. 632:; 

9.6416 

1:;. 004:; 

1 6. (i,sf,7 

20. (;6:i() 

21.9129 29.419,8 

:;i. 1698 

39. 1511 

.54 

.396.H 1.911 l'l.04Si;6.6605 

9 . 6735 

13. o: ;96 16. 7250 

20. 7011 

■J 1. 9.567 

29. -1661 

:;i. 2i,s:» 

* :i9.‘2020 

. 55 

. •1079 1.9297 

!. 0720 6. 68,87 

9. 7055' 

1:;. 074946. 76:i4 

20. 7 !•'*;; 

9:5. ()l)( ).5 

39. .5124 

:;i. 2672 

;;9.‘2,5:;o 

. 5() 

.4191 

l,94Hl| 

1.0960 '6. 7170 

9. 7375 

1:;. I 10:; 4 6. .801,8 

20. 7,866 

25. 0-M4 

29. .5,5,S.S 

:;i. :m;*9 

:;9. :;oio 

.57 

.430:il 9672 

1. 1200 (;. 74.53 

9.7695 13. 1457 

16. .8402 

20. ,827s 

9.5. 0,S,s:5 29. 60:52 

;m. :;647 

:;9.:;,5,5() 

.58 

.4417 

.98(;(6{. I IIK;. 7737 

9. .80 If. 13. 1.811 16. .87.87 

20. ,8691 

9:5. l::22 

39. 6.5 It; 

:M.4i:i.5 

::9. -1060 

.59 

. 4532 2. (1019 1. I(;.S2 6. 8021 

9. 8337 

I 

13.2165 

1 

16.9172 

20.9104 

9,5. 1769 

39. CUSO 

;m. 462:: 

:;9. 4,571 

0. GO 1 

0. 4648-. 

! 1 

>.()2:;8j t. 1 924 r*. 8305 

1 i 

9. .8(;;.9 1:1. 2.520 16. 9.557 

20. 951.S 

9.'*. 2209 

39. 7M.5 

:m. ;V111 

39. .50,82 

.G1 

. 4764!*. 

i.Ul29 4.216(;6.8.59() 

9. 89.S1 

13. 2,875 

16. 994;; 

20. 9931 

9.5. 26 19 

J9. 7910 

:M. :5.599 

39. 5593 

.62 

. 4882 

2. 0619 1.2108 6. .8,^75 

9.9303 13. :;231 17.032.8 

21 . 03-15 

97). *5089' 

2<9. .s;:7r) 

1. (’>0,8,8 

:;9.6i()4 

.63 

. 5000 

2. OSloll. 26511). 9161 

9. 9626 1:;. :;.5,s7 

17. 0714 

21. 07.5'.i 

9.5. : ■ ',29 

39. .8, S I 1 

:;i. 6577 

39. 6615 

.64 

. 5120 

2. 1002 '■ 

1. 2,895 6. 9447 

9.9949 13. 39-i:n7. 1101 

21. 117-1 

9,5. 396:5 29. 9306 

:;i. 7066 

39.71*27 

.65 

. 5240 

2. 1 iur»j4. 3139,6. 9733 

10. 0272jl3. -12«J9 17. 14.8.8 

21.1.5,89 

9.5. 4404 *29. 9772 .5-1. 7.5.57 

39. 7639 

.66 

. 5362 

2.1388 4.3383 7.0020 

10.0.596 1:4. 46.%4 7. 1874 

21.2004 

9,5. 484.5 30. 0-iOsja-l. 80-4.5 

39. 8151 

.67 

. 5484 

2. 1581 4. 3628; 

03*07! 

10. 0920 13. 501 3' 17. 21 72 

21. 2419 2.5. .52.87, 

50. 0704 '34. 8535 

39. 8663 

.68 

.5607 

2.1775 4.3874,7.0595 

I0.r2-M'i:i.5:{7017.2649 

21. 2834 

9.5. ,5729 30. 1171 34. 9025 

39.9176 

.69 

.5732 


.1970'4.4119 7.0KS3' 

i i 1 

10.1,569 1.3. .5728 

17. :4037! 

21. 32.50125. r.l7r:20. 1638 34. 9.516 

1 1 i 

89.Sf)89 
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TahU VIII. — Continued. 


T 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0.70 

0.5857 

2.2165 

4.4366 

7.1171 

10.1894 

13.6086 

17.3426 

21.3666 

25.6613 

30.2105 

35.0006 

40.0202 

.71 

.6983 

2.2361 

4.4612 

7.1460 

10.2214 

13.6444 

17.3814 

21.4083 25.7056 

30.2572 

35.0497 

40.0715 

.72 

.6109 

2.2558 

4.4859 

7.1749 

10.2545 

13.6803 

17.4202 

2. 4499 25.7499 

30.3040 

35.0988 

40.1228 

.73 

.6237 

2.2755 

4.6107 

7.2038 

10.2871 

13.7161 

17.4591 

21.4916 25.7942 

30.3507 

35.1479 

40.1742 

.74 

.6366 

2.2952 

4.6355 

7.2328 

10.3197 

13.7521 

17.4981 

21. 5333 25.8395 

30.3975 

35.1971 

40.2256 

.75 

.6495 

2.3150 

4.6604 

7.2618 

10.3524 

13.7880 

17.5370 

21.5751 25.8828 

30.4444 

35.2462 

40.2770 

.76 

.6626 

2.3349 

4.6853 

7.2909 

10.3851 

13.8240 

17.5760 

21.6169 25.9272 

30.4912 

35.2954 

40.3284 

.77 

.6757 

2.3548 

4.6102 

7.3200 

10.4178 

13.8600 

17.6150 

21.6587 25.9716 

30.6381 

35.3446 

40.3798 

.78 

.6889 

2.3748 

4.6352 

7.3492 

10.4506 

13.8961 

17.6541 

21.700526.0161 

30.5850 

35.3939 

40.4313 

.79 

.7022 

2.3949 

4.6602 

7.3783 

10.4834 

13.9321 

17.6931 

21.7423 26.0605 

30.0319 

35.4431 

40.4828 

0.80 

0.7155 

2.4150 

4.6853 

7.4076 

10.6163 

13.9682 

17.7322 

21.7842 26.1050 

30.6789 

35.4924 

40.5343 

.81 

.7290 

2.4351 

4. 7104 

7.4368 

10.6492 

14.0044 17.7714 

21. 8261 26. 1495 SO. 7258 35. 6417 

40.5859 

.82 

.7425 

2.4553 

4.7356 

7.4661 

10.5812 

14.040617.8105 

21. 8681 26. 1941 30. 7728 35. 5911 

40.6374 

.83 

.7562 

2.4756 

4.7608 

7.4955 

10.6150 

14.0768|l7.8507 

21. 9100 26. 2386 SO, 8198 35. 6404 

40.6890 

.84 

.7699 

2.4959 

4.7861 

7.5248 

10.6480 

14.113017.8889 

21. 9520 26. 2832 so. 8669 S5. 6898 

40.7406 

.85 

.7837 

2.6163 

4.8114 

7.6542 

10.6810 

14.1493 17.9282 

21. 9940 26. 3278'30. 9139 35. 7392 

40.7922 

.86 

.7975 

2.5367 

4.8367 

7.5837 

10.7141 

14.1856|l7.9674 

22.036126.3725 

30.9610 35.7886 

40.8439 

.87 

.8115 

2.6572 

4.8621 

7.6132 

10.7472 

14. 2219 18. 0067 22. 0781 26. 4171 

31.C08l'.35.83S0 

40.8955 

.88 

.8255 

2.6777 

4.8875 

7. 6427 

10.7803 

14. 2582 18. 0461 22. 1202 26. 4618 

31.055S’35.S875 

40.9472 

.89 

.8396 

2.5983 

4.9130 

7.6723 

10.8134 

14. 2946 18. 0854 22. 1623 26. 5065 

31.1024 35.9370 

1 

40.9989 

0.90 

0. 8538 

2. 6190 

4.9385 

7.7019 

10.8466 

14. 3311 18. 1248 22. 2045 26. 5523 

1 

31. 1496 35. 9865 

41.0507 

.91 

.8681 

2.6397 

4. 9641 

7.7315 

10.8798 

14.3675 18.1642 

22.2467 26.5960 

,31.1968 

30.0360 

41.1024 

.92 

.8824 

2. 6604 

4. 9897 

7.7702 

10.9131 

14.404018.2037 

22.2889 26.6408 31.2441 

00.0856 

41.1542 

.93 

.8969 

2. 6812 

5. 0154 

7.7909 

10.9464 

14.440518.2432 

22.331126.0856 

,31.2913 

30.1352 

41.2060 

.94 

. 9114 

2. 7021 

5. 0411 

7.8207 

10.9797 

14.477018.2827 

22.3733 

26.7305 

31.3386 36.1848 

41.2578 

.95 

.9269 

2. 7230 

5.0668 

7.8505 

11.0131 

14.513618.3222 

22.4156 26.7753 

31.3850 30.2044 

41.3097 

.96 

.9406 

2. 7440 

5.0926 

7.8803 

11.0464 

14.5502 18.3617 

22.4579,26.8202 31.4332 

36.2841 

41. 3615 

.97 

. 9553 

2. 7650 

5.1184 

7.9102 

11.0799 

14.586918.4013 

22.5003 26.8651 

31.4806 

'36.3337 

41.4134 

.98 

. 9702 

2. 7861 

5.1443 

7.9401 

11.1133 

14. 6235 18. 4409 

22.5426 26.9100 31.5280 

'36. 3804 

41.4653 

.99 

.9850 

2. 8072 

5.1702 

7. 9700 

11.1468 

14. 6602 18. 4806 

22.5850 26. 9550 31.5754 

36.4331 

41.5173 

1.00 

1.0000 

2. 8284 

5. 1962 

8.0000 

11.1803 

14.6969jl8.5203 

22. 6274 27, 0000 31. 6228 36. 4820 

1 i i 

41.5692 


Table IX. — For converting discharge in second-feet ‘per square mile into run-off in 
depth in inches over the area. 



Period in days. 

scond-feet per square mile. 

1 

38 

39 

30 

31 

1 

Inches. 

.03719 

Inches. 

1.041 

Inches. 

1.079 

Inches. 

1.116 

Inches. 
i . 153 


.07438 

2.083 

2.157 

2 . 23 1 

2..‘),).> 

3 

.11157 

3.124 

3 ' 36 

3.347 

3.4,59 

4 

. 14876 

4.165 

4.314 

4.463 

4.612 

5 

.18595 

5.207 

5.393 

5.579 

5.764 

6 

.22314 

6 248 

6.471 

6.694 

6.917 

7 

.26033 

7.289 

7.550 

7.810 

8.070 

8 

.29752 

8.331 

8.628 

8.926 

9.223 

9 

.33471 

9.372 

9.707 

10.041 

10.376 








— For partial month multiply the values for one day by the number of days. 
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RIVER DISCHARGE. 


Table X. — ^or converting discharge in second-feet into run-off in acre-feet. 


Second-feet. 

Period in days. 

1 

28 

29 

30 

31 


Acre-ft. 

1.983 

Acrerft. 
55.54 i 

Acre-ft. 

57.52 

Acre-ft. 

59.50 

Acre-ft. 

61.49 


3.967 

111.1 

115.0 

119.0 

123.0 


5.950 

166.6 

172.6 

178.5 

184.5 

246.0 


7.934 

222.1 

230.1 

238.0 


9.917 

277.7 

287.6 

297.5 

307.4 


11.90 

333.2 

345.1 

357.0 

368 . 9 


13.88 

! 388.8 

402.6 

416.5 

430-4 


15.87 

444.3 

460.2 

476.0 

491.9 


17.85 

499.8 

517.7 

535.5 

553 . 4 







Note. — F or partial moath multiply values for one day by the number of days. 


TcMe XL — For converting discharge in second-feet per day into run-off in millions 

of gallons. 


1 second -foot, or 7.4805 gallons per second for 1 day, or 86,400 seconds = 646,300 gallons. 


Units. 


Tens. 

0 

1 

2 

3 

4 

6 

6 

I 

8 

9 

0 


0.65 

1.29 

1.94 

2.59 

3.23 

3.88 

4.52 

5.17 

5.82 

1 

6.46 

7.11 

7.76 

8.40 

9.05 

9.69 

10.34 

10.99 

1 1 . 63 

1 2 . 28 

2 

12.93 

13.57 

14.22 

14,87 

15.51 

16.16 

16.80 

17.45 

18.10 

18.74 

3 

19.39 

20.04 

20,68 

21,33 

21.97 

22.62 

23 . 27 

' 23.91 

24 . 56 

25.21 

4 

25.85 

26 . 50 

27.15 

27.79 

28 . 44 

29 . 08 

29 . 73 

30.38 

31.02 

31.67 

5 

32.32 

32.96 

33.61 

34 . 25 

34 . 90 

35 . 55 

36. 19 

36 . 84 

37.49 

38.13 

6 

38 . 78 

39.43 

40 . 97 

40.72 

41 .36 

42.01 

42.66 

43 . 30 

43 . 95 

44 . 60 

7 

45.24 

45.89 

46.53 

47. IS 

47.83 

48.47 

49.12 

49.77 

50.41 

5 1 . 06 

8 

51.71 

52.35 

53.00 

53.64 

54 . 29 

54 . 94 

55 . 58 

56 . 23 

56 . 88 

57.52 

9 

58.17 

58,81 

59.46 

60.11 

60 . 75 

61 .40 

62 . 05 

62 . 69 

63,34 

63 . 99 


Table XII. — For converting run-off in millions of gallons into discharge in second- 

feet per day. 

1 million galloiiH per 24 hours = ^ 7'>H feet per second, r)r 1.547 second feet. 


Tens. 

0 

0 

1 

1 55 

3 09 

3 

•1 64 

4 

6, 19 

1 

15.47 

17.02 

1 18,57 

20,11 ^ 

2 1 . 66 

2 

30.94 

32.49 

31.04 

35 59 

37 13 

3 

46.42 

47.96 

49 51 

51 06 

52 6 1 

4 

61,89 1 

63 44 

64 , 98 

66 53 

68.08 

5 

77 . 36 

78.91 

80,46 

82,00 

S3 . 55 

6 

92.83 

94 38 

95 . 93 

97 , 48 

99.02 

7 

108.31 

109,85 

111. 40 

112 95 

114 49 

8 

123.78 

125.33 

126.87 

1 128.42 

1 29 . 97 

0 

139.25 

140.80 

142.34 

143.89 

145.44 


5 


a 


7 

8 

9 


7 

74 

9 

28 

10 

83 

12 

38 

13 

93 

23 

21 

24 

76 

26 

30 

27 

85 

29 

40 

38 

68 

40 

23 

4 1 

78 

43 

32 

44 

87 

51 

15 

55 

70 

57 

25 

58 

79 

60 

34 

69 

6.4 

71 . 

17 

72 

72 

74 

27 

75 

Hi 

85 

10 

86 . 

64 

88 

19 

89 

74 

91 

29 

100 

57 

102. 

12 

103 

66 

1 05 

21 

106 

76 

116 

04 

117 

59 

119 

. 14 

120. 

68 

122 

23 

131 

51 

133 . 

06 

134 

.61 

136. 

16 

137 

70 

146. 

99 

MS. 

53 

150 

.08 

151 , 

6.3 

153 

IS 
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Table XIII. — For converting run--off in acre-feet into run-off in million gallons. 

1 acre-foot=43,560 cubic or or 325,850 gallons. 


Units. 


Tens, 

0 

1 

a 

3 

4 

5 

6 

7 

s 

9 

1 

0 


0.326 

0.652 

0.978 

1.303 

1.629 

1.955 

2.281 

2.607 

2.933 

1 

3.258 

3.584 

3.910 

4.236 

4.562 

4.888 

5.214 

5.540 

5.865 

6.191 

2 

6.517 

5.843 

7.169 

7.495 

7.820 

8.146 

8.472 

8.798 

. 9.124 

9.450 

3 

9.776 

10.101 

10.427 

10.753 

11.079 

11.405 

11.731 

12.056 

12.382 

12.708 

4 

13.034 

13.360 

13.686 

14.012 

14.337 

14.663 

14.989 

15.315 

15.641 

15.967 

5 

16.293 

16.618 

16.944 

17.270 

17.596 

17.922 

18.248 

18.574 

18.899 

19.225 

6 

19.551 

19.877 

20.203 

20.529 

20.854 

21 . 180 

21.506 

21.832 

22.158 

22.484 

7 

22.810 

23 . 135 

23.461 

23.787 

24.113 

24.439 

24.765 

25.090 

25.416 

25.742 

8 

26.068 

26.394 

26.720 

27.046 

27.372 

27.697 

28.023 

28.349 

28.675 

29.001 

9 

29.327 

29.652 

29.978 

30.304 

30.630 

30.958 

31.282 

31.608 1 

31.933 

32 259 


Table XIV. — For converting run-off in million gallons into run-off in acre-feet. 


One million United States liquid gallons or 231 million cubic inches = 133,680,555 cubic feet, or 


133,680 

43.560 


=3.0689 acre-feet. 







Units. 





Tens. 

0 

1 

a 

3 

4 

5 

^ 6 1 

1 

7 

8 

9 

0 


3.07 

6.14 

9.21 

12.28 

15.34 

18.41 

21.48 

24.55 

27.62 

1 

30.69 

33.76 

36.83 

39.90 

42.96 

46.03 

49.10 

52.17 

55.24 

58.31 

2 

61.38 

64.45 

67.52 

70.58 

73.65 

76.72 

79.79 1 

82.86 

85.93 

89.00 

3 

92.07 

95.14 

98.20 

101.27 

104.34 

107.41 

110.48 

113.55 

116.62 

119.69 

4 

122.76 

125.82 

128.89 

131.96 

135.03 

138.10 

141.17 

144.24 

147.31 

150.38 

5 

153.44 

156.51 

159.58 

162.65 

165.72 

168.79 

171.86 1 

174.93 

178.00 

181.06 

6 

184. 13 

187.20 

190.27 

193.34 

196.41 

199.48 

202.55 

205.62 

208.68 

211.75 

7 

214.82 

217.89 

220.96 

224.03 

227.10 

230.17 

233.24 : 

236.30 ! 

239.37 

242.44 

8 

245.51 

248 . 58 

251.65 

254.72 

257.79 1 

260.86 

263.92 

266.99 i 

270.06 

273.13 

9 

276.20 

279 . 27 

282.34 

i 285.41 

288.48 

291 54 

294.61 

297.68 

300.75 

303.82 


Table XV . — Values of c for use in the Chezy formula V = cy Rs. 


Slope. 

R. 

n 

.020 

n 

.025 

n 

.030 

n 

.035 

n 

.040 

n 

.045 

71 

.050 

n 

.055 

n 

.060 


r 3 . 28 

91 

73 

60 

52 

46 

40 

36 

33 

30 


1 10 

111 

92 

78 

69 

62 

55 

50 

46 

42 

.0001 

20 

122 

102 

89 

79 

71 

65 

60 

55 

51 


i 50 

134 

114 

100 

91 

83 

76 

71 

67 

63 


L 100 

140 

121 

108 

98 

91 

84 

79 

74 

70 


r 10 

108 

89 

76 

67 

60 

53 

49 

45 

41 


1 20 

117 

98 

85 

76 

68 

61 

57 

53 

49 

.0002 

'i 50 

126 

108 

94 

85 

78 

71 

66 

62 

58 


1 100 

131 

113 

99 

90 

83 

77 

72 

68 

64 


f 10 

107 

88 

75 

66 ' 

59 

53 

48 

44 

41 

.0004 ' 

j 20 

115 

96 

83 

73 

66 

60 

55 

51 

48 


■] 50 

123 

104 

91 

82 : 

75 

68 

63 

59 

56 


L 100 

127 

108 

1 96 

87 1 

1 80 

73 

68 

64 I 

61 


r 10 

105 

87 

74 

65 

58 

52 

47 

44 

40 


20 

113 

94 

81 

72 

1 65 

59 

54 

50 

47 

,0010 

] 50 

120 

101 

89 

79 

72 

66 

61 

57 

54 


L 100 

124 

105 

94 

85 

77 

71 

66 

62 

59 


r 10 

1 

105 

86 

74 

65 

58 

51 

47 

43 

40 


J 20 

112 

93 

80 

71 

i 64 

58 

53 

49 

46 

.010 

1 50 

119 

100 

87 

78 

71 

65 

60 

56 

53 


L 100 

1 22 

104 

91 

82 

75 

69 

65 

61 

68 


'Nrn'TTr. — Pnr R — 3 28 feet, n constant, c is constant for all values of slope. For slopes 
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Tabu XVI. — Square roots oj numbers (y R j s) for use in Kvtter’s formula. See 

PL VII. 


R 

VR 

R 

VS 

R 

Vr 

B 

VS 1 

R 

VR 


VS - 

0.05 

0.224 

3,05 

1.746 

6.05 

2.460 

9.05 

3.008 

20.25 

4.500 

.00002 

.00447 

0.10 

0.316 

3.10 

1.761 

6.10 

2.470 

9.10 

3.017 

20.60 

4.528 

.000025 

.005 

0.15 

0 387 

3.15 

1.775 

6.15 

2.480 

9.15 

3.025 

20.75 

4 . 555 

.0000275 

.00524 

0.20 

0 447 

3.20 

1,789 

6.20 

2.490 

9.20 

3.033 

21.00 

4.583 

.00003 

.00548 

0.25 

0.500 

3.25 

1.803 

6.25 

2.600 

9.25 

3.041 

21.25 

4.610 

.000035 

.00592 

0.30 

0.548 

3.30 

1.817 

6.30 

2.510 

9.30 

3.050 

21 . 50 

4.637 

.00004 

.00632 

0.35 

0 592 

3.35 

1.830 

6.35 

2.520 

9.35 

3.058 

21,75 

4.664 

.000045 

.00671 

0.40 

0.632 

3.40 

1.844 

6.40 

2.630 

9.40 

3.066 

22,00 

4.690 

.00005 

.00707 

0.45 

0.671 

3.45 

1.857 

6.45 

2.540 

9.45 

3.074 

22.25 

4.717 

.00006 

.00776 

0.50 

0 .707 

3.50 

1.871 

6.50 

2.550 

9.50 

3.082 

22 . 50 

4.743 

.00007 

.00837 

0.55 

0.742 

3.55 

1.884 

6.55 

2.559 

9.55 

3.090 

22.75 

4.770 

. 00008 

.00894 

0.60 

0.775 

3.60 

1.897 

6.60 

2.569 

9.60 

3.098 

23,00 

4.796 

.00009 

.00949 

0.65 

0.806 

3.65 

1.910 

6.65 

2.579 

9.65 

3.106 

23.25 

4.822 

.0001 

.01 

0.70 

0.837 

3.70 

1.924 

6.70 

2.588 

9.70 

3.114 

23.50 

4.848 

.00012 

.0110 

0.75 

0.866 

3.75 

1.936 

6.75 

2.598 

9.75 

3.122 

23.75 

4.873 

.00014 

.0118 

0.80 

0.894 

3.80 

1.949 

6.80 

2.608 

9.80 

3.130 

24.00 

4.899 

.00016 

.0126 

0.85 

0.922 

3.85 

1.962 

6.85 

2.617 

9.85 

3.138 

24.25 

4.924 

.00018 

.0134 

0.90 

0.949 

3.90 

1.975 

6.90 

2.627 

9.90 

3.146 

24.50 

4.950 

.0002 

.0141 

0.95 

0.975 

3.95 

1.987 

6.95 

2.636 

9.95 

3.154 

24.75 

4.975 

.00025 

.0168 

1.00 

1.000 

4.00 

2.000 

7.00 

2.646 

10.00 

3.162 

25.00 

5.000 

.0003 

.0173 

1.05 

1.025 

4.05 

2.012 

7.05 

2.655 

10.25 

3.202 

25.25 

5.025 

.00035 

.0187 

1.10 

1.049 

4.10 

2.025 

7.10 

2.665 

10.50 

3.240 

25.50 

5.050 

.0004 

.02 

1.15 

1.072 

. 4.15 

2.037 

7.15 

2.674 

10.75 

3.279 

25.75 

5.074 

.0005 

.0224 

1.20 

1.095 

4.20 

2.049 

7.20 

2.683 

11.00 

3.317 

26.00 

5.099 

.0006 

.0245 

1.25 

1.118 

4.25 

2.062 

7.25 

2.693 

11.25 

3.354 

26.25 

5. 123 

.0007 

.0266 

1.30 

1.140 

4.30 

2.074 

7.30 

2.702 

11.50 

3.391 

26.50 

5.148 

.0008 

.0283 

1.35 

1.162 

4.35 

2 . 086 

7.35 

2.711 

11.75 

3.428 

26 . 75 

5.172 

.0009 

.03 

1.40 

1.183 

4.40 

2.098 

7.40 

2 . 720 

12.00 

3.464 

■ 27 . 00 

5.196 

.001 

.0316 

1.45 

1.204 

4.45 

2.110 

7.45 

2.729 

12.25 

3.500 

27 . 25 

5 . 220 

.0012 

.0346 

1.50 

1.225 

4.50 

1 

2.121 

7.50 

2.739 

12.50 

3.536 

27.50 

5 . 244 

.0014 

.0374 

1.55 

1.245 

4.55 \ 

2.133 

7.55 

2.748 

12.75 

3.571 

27.75 

5.268 

.0016 

.04 

1.60 

• 1.265 

4.60 i 

2.145 

7.60 

2 . 757 

13 . 00 

3.606 

28 . 00 

5 . 292 

.0018 

.0424 

1.65 

i 1 , 285 

4.65 ! 

2.156 

7.65 

2.766 

13.25 

3.640 

28.25 

5.315 

.002 

.0447 

1.70 

1.304 

4.70 i 

2.168 I 

7.70 

2.775 

13 . 50 

3.674 

28.50 

5.339 

.003 

.0548 

1.75 

1.323 

4.75 

2.179 i 

7.75 

2 . 784 

13.75 

3 , 708 

28.75 

5.362 

.004 

.0632 

1.80 

1.342 

4.80 » 

2.191 

7.80 

2.793 

14 . 00 

3 . 742 

29 . 00 

5.385 

.005 

.0707 

1.85 

1.360 

4.85 1 

2 . 202 

7.85 

2.802 

14.25 

3 . 775 

29.25 

5.408 



1.90 

1.378 

4.90 

2.214 

7.90 

2.811 

14.50 

3.808 

29 . 50 

5.431 



1.95 

1.396 

4.95 

2 . 225 

7.95 

2.820 

14.75 

3.841 

29.75 

5.454 



2.00 

1.414 

5.00 

2.236 

8.00 

2.828 

15.00 

3 . 873 

30 . 00 

5.477 



2.05 

1.432 

5.05 

2 . 247 

8.05 

2.837 

15 . 25 

3 . 905 

30 . 25 

5.500 



2.10 

1.449 

5.10 

2.258 

8.10 

2.846 

15.50 

3.937 

30 . 50 

5,523 



2.15 

1.466 

5,15 

2,269 

8.15 

2.855 

15.75 

3 . 969 

30 . 75 

5 .545 



2.20 

1.483 

5.20 

2.280 

8.20 

2.864 

16.00 

4,000 

31.00 

5.568 



2.25 

1.500 

5.25 

2.291 

8.25 

2.872 

16.25 

4.031 

31 .25 

5 , 590 



2.30 

1.517 

5.30 

2,302 

8.30 1 

2.881 

16.50 

4.062 

31.50 

5.612 



2.35 

1 . 533 

5.35 

2.313 

8.35 

2.890 

16 . 75 

4 . 093 

31.75 

5 . 635 



2,40 

1.549 

5.40 

2.324 

8.40 

2.898 

17.00 

4.123 

32 . 00 

5 . 657 



2.45 

1.565 

5.45 

2.335 

8.45 

2.907 

17 . 25 

4.153 

32 . 25 

5 , 679 



2.50 

1.581 

5.50 

2.345 

8.50 

2.915 

17.50 

4.183 

32 , 50 

5,701 



2.55 

1.597 

5 . 55 

2 . 356 

8.55 

2.924 

17 . 75 

4.213 

32 . 75 

5 723 



2.60 

1.612 

5.60 

2.366 

8.60 

2.933 

18.00 

4.243 

33.00 

5.745 



2.65 

1.628 

5.65 

2.377 

8.65 

2.941 

18 . 25 

4.272 

33 . 25 

5 , 766 



2.70 

1.643 

5.70 

2 . 387 

8.70 

2.950 

18.50 

4.301 

33,50 

5 . 788 



2.75 

1.658 

5.75 

2.398 

8.75 

2.958 

18.75 

4.330 ! 

33 . 75 

5 , 809 



2.80 

1 . 673 

5.80 

2.408 

8.80 

2.966 

19.00 

4.359 j 

34 . 00 

5.831 



2.85 

1.688 

5.85 

2.419 

8.85 

2.975 

19.25 

4.387 

34 . 25 

5.852 



2.90 

1 . 703 

5.90 

2.429 

8.90 

2.983 

19.50 

4.416 

34 . 50 

5,874 



2.95 

1.718 

5.95 

2.439 

8.95 

2.992 

19.75 

4.444 

34 . 75 

5 . 895 



3.00 

1.732 

6.00 

2.449 

9.00 

3.000 

20.00 

4.472 

35.00 

5.916 
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Table XVII. — Convenient equivalents. 

1 second-foot equals 40 California miner’s inches. (Law of March 23, 1901.) 

1 second-foot equals 38.4 Colorado miner’s inches. 

1 second-foot equals 40 Arizona miner’s inches. 

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons 
►er minute; equals 646,272 gallons for one day. 

1 second-foot equals 6.23 British imperial gallons per second. 

1 second-foot for one year covers one square mile 1.131 feet deep; 13.57 inches deep. 
1 second-foot for one year equals 31,536,000 cubic feet. 

1 second-foot equals about 1 acre-inch per hour. 

1 second-foot falling 10 feet equals 1.136 horsepower. 

100 California miner’s inches equal 15.7 United States gallons per second. 

100 California miner’s inches equal 96.0 Colorado miner’s inches. 

100. California miner’s inches for one day equal 4 .96 acre-feet. 

100 Colorado miner’s inches equal 2.60 second-feet. 

100 Colorado miner’s inches equal 19.5 United States gallons per second. 

100 Colorado miner’s inches equal 104 California miner’s inches. 

100 Colorado miner’s inches for one day equal 5.17 acre-feet. 

100 United States gallons per minute equal 0.223 second-foot. 

100 United States gallons per minute for one day equal 0.442 acre-foot. 

1,000,000 United States gallons per day equal 1,55 second-feet. 

1,000,000 United States gallons equal 3.07 acre-feet. 

1,000,000 cubic feet equal 22.95 acre-feet. 

1 acre-foot equals 325,850 gallons. 

1 inch deep on 1 square mile equals 2,323,200 cubic feet. 

1 inch deep on 1 square mile equals 0.0737 second-foot per year. 

1 inch equals 2.54 centimeters. 

1 foot equals 0.3048 meter. 

1 yard equals 0.9144 meier. 

1 mile equals 1.60935 kilometers. 

I mile equals 1 ,760 yards; equals 5.280 feet; equals 63,360 inches. 

1 square yard equals 0.836 square meter. 

1 acre equals 0.4047 h(*ctare 

1 acre equals 43,560 s<|uare feet; equals 4,840 square yards. 

I acre eiiuals 209 sciuare, nearly. 

1 squani mile; (M(uals 259 hectares. 

1 square mile equals 2.59 sciuan; kilometers. 

1 cubic fi)()t (‘qunls 0.0283 cubic meter. 

1 cul)ic foot, (‘((uals 7.48 gallons; (‘((uals 0.804 bushtd. 

I eubic foot of \vat.(‘r wadglis 62.5 pounds. 

1 eubie yard (Mjuals 0.7646 cul)ic meter. 

1 gallon equals 3.7854 litta-s. 

1 gallon (K|iiaLs 8.36 {)()unds of water. 

1 gallon (Miuals 231 eul)i(; inehe.s (liquid measure). 

1 pound equals 0.4536 kilogram. 

1 avoirdupois pound equals 7,000 grains. 

1 troy pound equals 5,760 grams. 
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1 meter equals “che^ ^Sg-^oS^- 

1 meter equals 3.28083^ leet 6 ^ jjgggQ 29 . 

1 TOter «qn«ls 1»36U ^ 

; ~ ■I”" ^ 

; s »uc «u.^ >.» c-m* 

1 Ker equals 1.0567 quarts. 

1 gram equals 15.43 grains. 

1 Warn equals 2.2046 pounds. 

; rj'p” s^d!'SS s 

; ^ 1 «.» p« <“* 

1 atmosphere equals 15 pounds per square me , q 

1 horsepower equals 746 watte. 

1 !«,«>.,« 

u honepowOT •fl"*' ^ x MUj <««« _ N,t honepoww 

To calculate water power quickly: 

wtel, 80 P» c.«t «> «“ 

To cl»«S. mite , „i,„o.50688 toeh- 


Scale 1:90000 
Scale 1:62500, 
Seale 1:45000, 


1 mile= 0.70400 inch. 

1 mile= 1.01376 inches. 
1 mile= 1.40800 inches. 
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Logarithmic cross-section paper, methods 

of ruling 149-152 

use of, in preparing rating cuiwes . . 103-104 
Logarithmic plotting, diagrams illustrat- 
ing 145, 146, 149, 160. 161. 152 

methods and uses of 145-153 

Mass curves, preparation and use of . . - 128-134 
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